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Abstract
The interaction of ground water and surface water is important in stream dynamics 
Streambed armoring, the in situ cementation of stream sediments by mineral precipitates, 
forms an effective barrier between surface water and ground water, thereby affecting 
nutrient cycles, solute transport, and aquatic life. This study identified the material 
armoring the streambed of Iron Spring Creek in Yellowstone National Park and 
determined the mechanism of its formation. Specifically, it focused on hydrological and 
chemical controls of armoring formation. An armoring sample was analyzed using SEM 
and XRD techniques. The results of both identify the armoring matrix as amorphous silica 
and the grains as feldspar. Installation of three transects of four wells each, one transect 
upstream, one down stream, and one within the armored stream reach, provided for 
collection of ground water samples. Collection of stream water samples enabled 
comparisons of ground water and surface water. Peeper boxes installed in the streambed 
along two transects enabled a chemical characterization of the hyporheic zone for 
comparison with ground water and surface water. Mini-piezometers installed in the 
stream aided in the hydrologie interpretation. Ground water in this area is distinctively 
thermal, while stream water is mostly-meteoric. Water in the peeper box from the 
armored transect is mostly thermal while the water in the non-armored transect is 
meteoric. The formation and distribution of the streambed armoring appears to be both 
hydrologically and chemically controlled. Armoring appears in losing sections of the 
stream reach studied. Chemical changes at the ground water - surface water interface are 
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Introduction
Streambeds play an important rôle in the interaction of ground water and surface 
water. Not only do they provide a unique habitat for organisms (Dole-Olivier and 
Marmonier, 1992; Gounot, 1994; Marmonier et al., 1992; Stanford and Ward, 1988; 
Williams, 1989), but they also can affect stream chemistry (Bencala, 1984; Bencala et al., 
1984; Harvey and Bencala, 1993), metal transport (von Gunten et al., 1991), and nutrient 
cycles and, consequently, aquatic life (Morrice et al., 1997; Stanford and Ward, 1988; 
Triska et al., 1993a,b; Valett et al., 1996; Valett et al., 1997), The in situ cementation of 
stream sediments by mineral precipitates, herein referred to as “streambed armoring” 
because of their highly resistant character, forms an effective barrier between the exchange 
of surface and ground waters.
In Yellowstone National Park, armoring occurs in many thermally fed streams.
The Firehole River contains extensive streambed armoring that increases in extent from 
the headwaters to below the confluence with Nez Perce Creek where the drainage narrows 
between steep canyon walls Armoring is sporadic in Nez Perce, Sentinel, and Iron Spring 
Creeks (author, pers. obs ). Figure 1 is a photo of armoring from Iron Spring Creek.
It is not known what mineral precipitates to form this streambed armoring. 
Carbonate precipitates form beachrock in marine environments (Siesser, 1974; Binkley et 
al., 1980). However, because of water-rock interactions with rhyolite in the Yellowstone 
thermal system (Fournier, 1989), the mineral precipitate seen in these streams is most- 
likely silica. Therefore, this study only focuses on silica precipitation in a thermal 
environment.
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Figure 1 Photo of streambed armoring sample from 
Iron Spring Creek
As mentioned before, thermal waters contain high amounts of dissolved silica as a 
result of water-rock interactions deep within the thermal system (Fournier, 1989). As this 
water surfaces in thermal features, decreases in temperature, increases in silica saturation 
of the solution, changes in pH, (Dove and Rimstidt, 1994; White et al., 1956) and the 
presence of microbes and available nucléation sites (Jones and Renaut, 1996; Schultze- 
Lam et al., 1995) can promote silica precipitation. In the adjacent stream environment, it 
is not clear what hydrological and chemical factors control silica precipitation. Mixing of 
thermal ground water and meteoric surface water can result in pH, temperature, and silica 
concentration changes any one of which could induce silica precipitation. These chemical 
changes at the ground water - surface water interface may control silica solubility and thus 
determine when and where streambed armoring forms.
This four-month-long study had three objectives: 1) to determine what material 
cements the streambed in Iron Spring Creek, 2 ) to determine if streambed armoring is 
currently forming, and 3) to examine the chemical and hydrological factors controlling 
streambed armoring in the thermal environment studied. The following sections describe 
the site studied, the methods employed to meet these objectives, and the results obtained. 
A discussion of the results and the conclusions follow. The appendices contain data and 
more detailed explanations of selected material as noted in the text.
Study Site
A study site in Yellowstone National Park (Figure 2a) was selected because 
streambed armoring had been observed there. Although streambed armoring also occurs 
in Nez Perce and Sentinel Creeks and the Firehole and Little Firehole Rivers, Iron Spring 
Creek (ISC) was selected as a study site because of the smaller spatial extent of armoring 
compared to other streams in Yellowstone National Park. ISC originates in the hills west 
of Old Faithful in the Upper Geyser Basin, flows through Black Sand Basin, and joins the 
Firehole River just south of Biscuit Basin. The 200-meter stream length studied, shown in 
Figure 2b and 2c, is located at the confluence of ISC and the Little Firehole River in an 
area of either diatomaceous silt or sand and gravel.
At the upstream end of the study site, ISC is a first-order stream; in the middle of 
the study site, it becomes a second-order stream when it is joined by the Little Firehole 
River. No major thermal features directly enter ISC in the study area, although several 
small thermal seeps (see Figure 2c) do exist along the banks. Surface runoff from Biscuit 
Basin, the closest major thermal area and downstream from the study site, drains into the 
Firehole River.
The study site is inside the youngest Yellowstone caldera (Smith and Christiansen, 
1980) in an area once covered by glaciers (Muffler et al., 1982). According to the log of 
the nearest drill hole in Biscuit Basin, approximately 400 meters away, the surface silica 
deposits, called sinter, overlies 50 meters of obsidian sand and gravel deposited by the 
Pinedale glaciers (Keith et al., 1978). In the study site, no sinter is present on the surface; 
the area is marshy with grasses and few trees.
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The main area of streambed armoring in the study site occurs between the two 
confluences of ISC and the Little Firehole River. A search for armoring up and down 
stream from this main area did find small, patchy areas of armoring in the stream reach 
studied. Further upstream and downstream are larger areas of armoring. In non-armored 
areas, the streambed consists of loose stream sediments and, occasionally, growing 
vegetation.
Permission to conduct research at this site was granted by the National Park 
Service through the Yellowstone Center for Resources (Permit #98-1671). Funding was 

























Figure 2a. Map of Yellowstone National Park
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Figure 2c. Iron Spring Creek study site
Methods
To meet the first objective of this study, identification of the armoring matrix, a 
sample of armor was collected and analyzed with a scanning JEOL Model 6100/NORAN 
scanmng electron microscope (SEM) with attached energy-dispersive x-ray spectrometer 
(EDS) and with backscattered electron imaging (BEI) capability to determine the chemical 
make-up of a streambed armoring sample and to create an elemental map of the sample.
A powder x-ray diffraction of an armoring sample further clarified the SEM/EDS/BEI 
results.
To meet the second objective, to determine if streambed armoring is currently 
forming, bead tubes were installed into the streambed, both near the streambed armoring 
and upstream in an area firee of armoring, to collect any mineral precipitates. Bead-tube 
specifics are discussed below.
To meet the third objective, determination of possible controls of distribution and 
formation of the armoring, three transects of piezometers and sampling wells were 
installed to determine the local hydrology and to collect ground-water samples. The 
methods employed included measuring ground conductivity with a Geonics Limited EM31 
electromagnetic (EM) conductivity meter with attached Omnidata Model PC-722B 
polycorder. Peeper boxes installed in the stream bed collected hyporheic-zone water to 
provide further insight into possible armoring controls. Each procedure is discussed 
below in detail.
Bead tubes
Bead tubes placed into the streambed for two months enabled the collection of
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mineral precipitates. Each bead tube consisted of a 30cm long 1 /4  inch ID polycarbonate 
tube filled with 2 mm-diameter ceramic beads; 4 columns of 1/16 inch holes drilled down 
the entire length allowed water to flow through the tube. Polycarbonate rod installed 1 0  
cm from the top of the tube prevented vertical flow between the streambed and stream. 
Aquarium cement sealed the ends. When installed vertically into the streambed in an area 
containing armoring and in an area with no armoring, 2 0  cm of the tube were below while 
10 cm remained above the streambed surface. SEM photos and EDS analysis of beads 
above and below the streambed surface in both transects provide a comparison of mineral 
precipitation between the two environments.
Electromasnetic conductivity survey
Monthly EM conductivity surveys along each transect conducted prior to well- 
sampling detected variability throughout the site. Each survey consisted of a grid with 3- 
meter intervals covering the area to be surveyed. Walking along each ‘line’ and recording 
conductivity readings at 3-meter intervals insured good resolution. The polycorder 
allowed easy transfer of the conductivity values to a computer. Contoured conductivity 
plots generated using the Surfer software program (Golden Software, Inc.) enabled 
comparison between surveyed areas. Ground conductivity values vary with porosity and 
water content of the geologic formation(s), as well as the concentration of dissolved 
solutes, the temperature, and the amount and type of colloids in the pore water (McNeill, 
1980). Important in this study area are the concentration of dissolved components and the 
temperature of the pore water. Thermal water, which is higher in dissolved solids and 
temperature, will have a higher conductivity than meteoric water.
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Piezometer and sampling well installation
The location of streambed armoring determined the placement of 3 transects of 4  
wells each. Transect A is located upstream from the main area of armoring, transect B 
runs through the armored area, and Transect C is downstream from the main area of 
armoring (Figure 2c). Transects A and C do contain some small, patchy areas of 
armoring. Research in Yellowstone National Park must be conducted out of view of the 
public eye; this regulation limited the location of Transect C. Because Transect C could 
not be placed downstream in an area completely void of armoring and still remain out of 
view of the public eye, it was placed immediately upstream from another extensively 
armored area. Well A1 is located across Iron Spring Creek (ISC) along a bend in the 
river, along the edge of the fluvial plain. To the northwest, across the river from Well Al, 
is Well A2. Surrounded by Iron Spring Creek on three sides, it is the only well in transect 
A on that side of the creek. Wells A3 and A4 are located across Iron Spring Creek, 
northwest of wells Al and A2; to the northeast of these wells is a small, stagnant branch 
of the Little Firehole River (LFR). Wells B 1 and B2 are northeast of transect A; B2 is the 
well closest to streambed armoring. Wells B3 and B4 are across ISC on an island 
surrounded by the LFR and ISC. Wells Cl and C2 are northeast of Transect B and the 
trail to Biscuit Basin. Wells C3 and C4 also are northeast of the trail to Biscuit Basin and 
across ISC; Well C4 is closest to Biscuit Basin.
Two-inch-diameter holes were drilled with a hand auger to depths ranging from 
0. 65 meters to 1.2 meters (see well logs in Appendix B for depths of each well); solid rock 
or borehole collapse prevented deeper drilling. Drill cuttings were removed, logged, and
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then replaced into the boreholes to their approximate original depth. When insufficient 
amounts of local clay were available to adequately seal the well (Wells A2, A3, A4, B3, 
B4, C3, and C4), granular sodium bentonite was used. Each well consists of a piezometer 
for water-level measurements and a sampling tube for ground-water sample collection. 
Well specifications are in Table 1. Use of a Sokkia Co. Ltd. automatic level enabled 
measurements of the well-head elevations. Determination of gaining and losing portions 
of Iron Spring Creek involved mini-piezometers, designed after Cruickshanks et al.
(1988), temporarily installed in the streambed at various locations. The mini-piezometers, 
made of V2 inch ID PVC with a carriage bolt inserted in the end, were driven as deep as 
possible into the stream bed then slightly lifted to release the carriage bolt. Water-level 
measurements were recorded after equilibration.
Table 1. Well specifications
casing oerforation size screened interval screening material
piezometer Î/2" ID PVC pipe '/l6- 0.15 meter nylon paint-strainer fabric
sampling Vg" ID polyethylene 0.15 meter nylon paint-strainer fabric
tube tubing
Ground-water and surface-water sampling and analysis
An Orion combination pH/temperature electrode connected to an Orion model 
SA250 meter provided temperature and pH measurements of all water samples. For 
surface waters, a Hach model 21 OOP meter supplied turbidity measurements. A Price AA 
current meter with attached JBS Instruments Aquacalc 500 meter measured stream 
discharge. Water depths in the wells was measured with an electronic tape. The ground 
surface was the datum since wildlife apparently have an affinity for PVC and frequently 
partially pulled up the wells despite efforts to hide them with drift wood. Correction for
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the distance between the top of the piezometer and the ground surface enabled water 
levels in the wells to be accurately measured. When measurement of depth to water with 
the electronic tape became difficult because of extremely shallow depths, a slender, 
straight stick or stalk was inserted into the well and depth to saturation was compared to a 
standard steel tape.
Ground-water samples from each well and depth-integrated surface-water samples 
from Iron Spring Creek and the Little Firehole River were collected monthly (July - 
October) for anion, cation, alkalinity, and dissolved organic carbon (DOC) analyses. 
Ground-water samples were collected after the pH and temperature had stabilized in the 
purged wells. Both ground-water and surface-water samples were collected in acid- 
washed PP/PE syringes. Anion and then cation samples were filtered through a 0.2|im 
Gelman Sciences Serum Acrodisc sterile filter into separate HDPE bottles. Cation 
samples were acidified with trace-metal grade nitric acid. For alkalinity analysis, 20mL of 
unfiltered sample was collected in an HDPE bottle. DOC samples were filtered through a 
0.2|im Gelman Sciences Serum Acrodisc sterile filter into an amber glass bottle; 0 .1% 
hydrochloric acid was added in the lab for preservation. All samples remained refiigerated 
until analysis.
A Hach Alkalinity Kit enabled alkalinity measurements on the 20 mL volume in the 
sample bottle immediately upon return to the lab (no longer than 24 hours from time of 
collection). Anion samples were analyzed within 48 hours of collection on a Dionex Ion 
Chromatograph. Cation samples were analyzed on an Inductively Coupled Plasma (ICP) 
Spectrophotometer within three months of collection. Dissolved organic carbon was
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analyzed on a Shimadzu Carbon Analyzer within 28 days. Analysis of appropriate 
standards, 10% duplicates, and field blanks ensured that QA/QC standards were met (see 
Appendix D).
Peeper boxes
Peeper Boxes, also called dialysis samplers, placed in the streambed along Transect 
A and Transect B provided hyporheic-zone water samples. The peeper boxes, based on 
the design by Hesslein (1976), are 2 0  cm long by 10 cm wide by 11 cm high with 4 rows 
of 8  wells each; each well holds 1 0  mL of water. Filled with de-ionized water and covered 
with a 0 . 2  pm membrane, the boxes allowed ions in the surrounding environment to enter 
but excluded bacteria and particulate matter. The boxes remained in place for one week in 
both September and October. Each integrated row on the box is a sample representing 2, 
4, 6 , and 8 cm below the streambed. Chemical analyses of each sample followed 
collection as mentioned above in the previous section.
Geochemical modeling
MINTEQA2, a geochemical modeling program developed by Felmy and others 
(1984), modeled the system using available thermodynamic data. More detailed 
information on MINTEQA2 and its use in geochemical modeling is located with the 
results in Appendix G.
Results
Identification o f  armoring matrix
SEM/EDS/BEI provided detailed chemical analysis and an elemental map of the 
small, representative area of grains and matrix shown in Figure 3. The elemental maps of 
Si, O, Al, Mg, K, Na, Mn, and Fe is shown in Figure 4. The Al, K, and Na elemental 
maps only show the grains. However, the grains and matrix are indistinguishable in the Si, 
O, and Mn elemental maps. The Mg and Fe elemental maps show little of these elements 
in the area analyzed. Powder x-ray diffraction of the matrix and of the grains provided 
mineralogical data to fiirther distinguish differences between the two. The matrix is 
amorphous silica (Figure 5a) and the grains are K-feldspar (Figure 5b).
^ " ^ '1  m m y
Figure 3. SEM photo of armoring matrix and grains
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Figure 5b. Powder x-ray dififraction of armoring sample
Bead tubes: determination o f  current streambed armoring formation
A scanning electron microscope (SEM) photo at the micron scale of a blank, 
unused ceramic bead is shown in Figure 6 . The surface consists of smooth, round knobs 
sprinkled with smaller, lighter-colored fragments.
The bead tubes from Transect A contained visible sediment and organic matter 
when removed from the streambed. As the representative bead in Figure 7a shows, beads 
from above the streambed surface have sediment and diatoms attached, making it difficult 
to see the bead surface. Beads from below the streambed surface (Figure 7b) also 
contains sediment but fewer diatoms than beads from above the streambed surface, 
making the bead surface more visible. The sediments are probably filtered from the 
OOsurrounding environment and became trapped in the bead tubes. Neither the beads from
22
above nor the beads from below the streambed surface contain visible fresh mineral 
precipitates.
l^ .X 2 5 5  0
Figure 6 . SEM photo of blank, unused bead
Figure 7a. SEM photo of bead tubes (Transect A, above)
0 0 0 0 1
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Figure 7b. SEM photo of bead tubes (Transect A, below)
The bead tubes from Transect B contained visible sediment and organic matter on 
the beads from above the streambed surface only. Figure 8 a shows a diatom on a 
representative bead from above the streambed surface. Except for some diatoms, the 
surface of the bead is free of fresh mineral precipitates. Diatoms are not seen on beads 
from below the streambed surface. However, the surface of the beads appear to be 
covered with a mineral precipitate (Figure 8 b), which was identified by chemical analysis 
as silica. Again, the larger particles are sediment pieces from the surrounding 
environment.
^ » '' s u r f a c e
l G ' ^ k ' & $ % : ÿ 9 '■- 15KU X 2 5 5  0
■ r̂ - #Y_
: #
..>:»• '»' • ^
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Figure 8a. SEM photo of bead tubes (Transect B, above)
0 0 0 0 0
Figure 8b. SEM photo of bead tubes (Transect B, below)
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ElectromasTietic Ground Conductivity Survey
Contour maps of the ground conductivity values for August are shown in Figure 
9a,b,c. Since the monthly conductivity values are similar, contour maps for July, August, 
and September are in Appendix A. The EM conductivity survey in July was on a slightly 
different grid than in August and September, therefore, the maps for July look somewhat 
different. Table 2 summarizes measured ground conductivity values surrounding each 
well. The lowest ground conductivity values were around Well A2 . Ground conductivity 
values near Wells C3 and C4 are the highest and near the lowest throughout the study site.
Well Conductivity (mS/m)
A1 10.986 - 18.066 ± 1.254
A2 8.506 - 18.402 ± 1.458
A3 and A4 11.596 - 18.096 ± 1.400
B1 andB2 14.160- 19.134 ±0.930
B3 and B4 13.062 - 18.250 ± 1.050
Cl and C2 12.634-23.712 ±2.206
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Figure 9a-e. Contour plots of EM ground conductivity values (pS/M) in August 
(blue = Iron Spring Creek)
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Site Hvdro^eolosv
The well holes contain several geologic layers of varying thickness. The well logs, 
located in Appendix B, contain detailed measurements for each well. In general, the 
surface is grassy or occasionally swampy. Below the top surface soil is a silty clay layer.
A sand and gravel layer below the clay makes up the aquifer that supplies water to the 
wells. Under this sand and gravel layer is either another clay layer or a solid object of 
unknown mineralogy, believed to be bedrock. The streambed of Iron Spring Creek (ISC) 
is open to this semi-confined aquifer.
Because of the apparent presence of a low-gradient water table over the area 
studied as revealed by the water level measurements in the piezometers, interpolation of 
the value and related errors made the determination of the direction of ground water flow 
indiscernible. In addition, duplicate discharge measurements were variable and did not 
permit determination of whether the stream is losing or gaining over the length of stream 
studied. However, the mini-piezometer data (Table 3) permitted determination of losing 
and gaining portions on both sides of ISC Transect A encompasses two sections of ISC; 
the northernmost section is gaining while the southernmost section, where there is 
sporadic armoring, is losing. Along Transect B, the creek changes from gaining along the 
northwest bank to losing along the southeast bank, where the armoring is located. ISC is 
gaining on Transect C along its north side; no measurements were made along the south 
side of the creek where there is some armoring.
Duplicate discharge measurements of ISC, ranging from 46 to 56 L/sec, were not 
in agreement. This could be due to the random discharge of geysers upstream in Black
28
Sand Basin causing surging in ISC discharge. The discharge of the flowing Little Firehole 
River branch was 24.9 L/sec.
Table 3. Mini-piezometer data
Site depth to water depth to water in head gaining, losing.
in stream mini-niezometer difference or flow thru
Transect A, northern section 1.1 m 0.98 m 0.12 m gaining
Transect A, southern section 1.17 m 1.33 m -0.16 m losing
Transect B, northwest bank 1.16 m 1.12 m 0.04 m gaining/flow thru
Transect B, center 0.37 m 0.35 m 0.02 m gaining/flow thru
Transect B, southeast bank 0.83 m 1.27 m -0.44 m losing
Transect C, north side 0.64 m 0.63 m 0.01 m eainine/flow thru
Stream- and ground-waier chemistry
Appendix C contains the ground-water and stream-water chemistry data; 
representative graphs are shown in the following text. Appendix D contains the QA/QC 
tables. Table 4 summarizes the mean values of each measured constituent for each 
sampling site. Dissolved organic carbon concentrations were at the detection limit (1 
mg/L) and are not reported. Statistical tests of the data performed were the Levene test 
for homogeneity of variance and an analysis of variance (ANOVA) (alpha = 0.05; p<0.05); 
the results are also in Appendix C. The ANOVA determined differences in Iron Spring 
Creek water chemistry at the three sampling sites and differences in water chemistry 
across each transect; the results are summarized below. Zn concentrations are difficult to 
measure accurately due to many possible sources of contamination (Shiller, 1987). Since 
a culvert upstream may contaminate surface water samples and since the hand auger may 
contaminate ground water samples, Zn concentrations are not considered.
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Chemical changes in stream water
Temperature, pH, Mg, Si, and Sr concentrations remained constant throughout the 
stream reach studied. Sulfate concentrations were below the detection limit until Transect 
C when concentrations near the detection limit appeared in the stream . Alkalinity, As, Cl, 
F, As, B, K, Li, and Na concentrations decreased at Transect C (Figure 10a). Conversely,
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Figure 10a. Iron Spring Creek Cl concentrations 
Ca increased at Transect C (Figure 10b). Al, Ba, Fe, Mn, and N concentrations were
below the detection limit.
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Figure 10b. Iron Spring Creek Ca concentrations
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The chemistry of the Little Firehole River (LFR) is slightly different from Iron 
Spring Creek (ISC). Alkalinity, pH, K, Li, and Na concentrations are lower in the LFR. 
Concentrations of sulfate, Ca, and Mn in the LFR are higher than concentrations above the 
confluence of the LFR and ISC but are the same as concentrations in ISC below the 
confluence. Ba concentrations are higher in the LFR than in ISC Temperature, Mg, Si, 
and Sr concentrations in the LFR are the same as concentrations in ISC Cl, N, As, B, and 
Fe concentrations in the LFR are below the detection limit.
Chemical differences between ground water and surface water
Transect A : Temperature remained the same across Transect A. Cl, sulfate, and 
Li concentrations were lower in the stream than in the wells (Figure 11a); Cl and Li 
concentrations in the steam are the same as concentrations in Well A l. Mg concentrations 
increased across the transect and then decreased in Well A4 (Figure 1 lb). Alkalinity, pH, 
F, As, B, Ca, K, Mn, Na, Si, and Sr variances were non-homogeneous and did not permit 
ANOVA. N, Al, Ba, and Fe concentrations were below the detection limit.
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Figure l ib .  Mg concentrations across Transect A
Transect B: In Transect B, pH values were higher in Iron Spring Creek than in the 
wells (Figure 12a). Temperature, alkalinity, Cl, F, B, K, Na, and Sr concentrations were 
lower in Well B 1 and in the stream (Figure 12b). Sulfate concentrations were below the 
detection limit only in the stream and in Well B3 (Figure 12c). As, Ca, Li, and Si 
variability was non-homogeneous so an ANOVA was not performed. N, Al, Ba, and Fe 
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Figure 12a. pH values across Transect B
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Figure 12c. Sulfate concentrations across Transect B
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Transect C: In Transect C, pH values were higher in Iron Spring Creek than in the 
wells (Figure 13 a). Temperature, Cl, F, sulfate, As, B, K, Li, Na, and Si concentrations 
were lower in the stream than in the wells (Figure 13b). Ca, Mg, and Sr values were 
higher in well C2 and in the stream (Figure 13 c). Alkalinity variability was non- 
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Figure 13a. pH values across Transect C
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Figure 13c Ca concentrations across Transect C
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Table 4. Monthly averages and analytical error of ground-water and stream-water chemistry
Temperature pH Alkalinity Fluoride Chloride N in Nitrate SulfateSample (°C) mg/L CaCOj mg/L mg/L mg/L mg/L
A l 18.9d=4.4 6.84±0.34 112±29 6.6910.99 27.5514.30 <0.125 7.9912.58
A2 26.9±4.9 7.06±0.I2 173±12 9.2010.07 40.6713.07 <0.125 7.7011.56
A3 19.4±4.5 7.31=fc0.08 197±29 10.241.020 43.6713.39 <0.125 8.9711.16
A4 21.2±I0.8 7.29±0.32 180=tl 9.7710.03 40.9510.95 <0.125 9.2811.45
B1 16.1±3.4 7.07=t0.21 81110 4.3710.66 21.6712.53 0.1710.05 7.1110.72
B2 24.8±3.6 7.05±0.15 147110 7.6210.28 37.6713.14 <0.125 7.9410.34
B3 27.U4.2 7.03±0.22 173115 9.0210.64 37.8412.83 <0.125 <5.00
B4 24.6±5.1 7.16=b0.27 16111 9.2310.16 38.6512.92 <0.125 8.7710.45
Cl 20.0±3.1 7.50=t0.09 150114 7.3710.17 48.3513.97 0.2010.02 8.2810.67
C2 29.1±2.1 7.31=fc0.06 15918 8.3610.14 49.1214.02 0.1510.01 9.7610.52
C3 22.U5.3 7.16±0.12 195129 9.9110.43 42.3313.28 <0.125 8.9310.54
C4 25.2±4.2 7.30±0.16 174114 9.9710.77 41.5712.85 <0.125 8.8910.31
ISC-A 19.5±6.2 8.34±.013 6113 5.2810.13 26.6912.54 <0.125 <5.00
ISC-B I8.8±2.9 8.27±.024 6517 5.3210.22 27.0412.19 <0.125 <5.00
ISC-C 17.7±4.3 8.17±.010 4918 4.22:t0.45 18.6912.82 <0.125 5.9211.06
LFH 16.1±5.0 7.78=1=0.242 3613 3.1410.13 <15.00 <0.125 6.7710.7
As B Ba Ca Fe K Li
Sample ppm ppm ppm ppm ppm ppm ppm
A l 0.16±0.01 0.52=1=0.08 <0.01 5.9112.42 <0.050 8.6710.98 0.3510.05
A2 0.27±0.02 0.72±0.05 <0.01 7.5410.40 0.0810.02 9.9110.53 0.4910.03
A3 0.38±0.09 0.68±0.22 0.0310.01 17.3416.18 <0.050 9.3610.55 0.5310.04
A4 0.27±0.00 0.77=t0.06 0.0210.01 12.7012.39 <0.050 8.9210.08 0.5110.03
B1 0.15±0.04 0.34=1=0.05 <0.01 3.0110.37 <0.050 6.9610.40 0.3110.03
B2 0.24±0.03 0.63=fc0.03 <0.01 6.3810.35 0.1410.04 9.2310.83 0.4610.01
B3 0.35±0.17 0.69=1=0.10 <0.01 9.1211.16 0.3910.19 9.0910.88 0.4910.06
B4 0.31±0.02 0.72±0.06 <0.01 8.2012.02 0.1710.04 9.3011.05 0.4910.05
Cl 0.3U0.02 0.70±0.04 <0.01 1.1310.20 <0.050 11.5910.98 0.6210.04
C2 0.31±0.02 0.74±0.04 <0.01 5.7010.21 <0.050 9.5810.83 0.5810.02
C3 0.35±0.04 0.74±0.07 <0.01 1.1410.11 <0.050 9.4510.63 0.5210.03
C4 0.33±0.05 0.72^=0.11 <0.01 2.5610.54 0.1410.04 10.1310.78 0.5210.03
ISC-A 0.15^=0.03 0.3U0.10 <0.01 4.7310.31 <0.050 5.9210.41 0.3110.10
ISC-B 0.16±0.03 0.43=1=0.19 <0.01 4.7410.17 <0.050 5.8910.38 0.4410.18
ISC-C 0.07±0.02 0.20±0.08 <0.01 5.5610.52 <0.050 4.6110.52 0.1910.09
LFH <0.03 0.10±.03 <0.01 6.2410.27 <0.050 3.5810.29 0.0710.01
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Table 4. Monthly averages and analytical error of ground-water and stream-water chemistry (continued)
Mg Mn Na Si Sr Zn
Sample ppm ppm ppm ppm ppm ppm
A l 0.35±0.25 0.053±0.066 48.39=fc42.01 62.65=t0.21 0.005=1=0.005 0.038±0.038
A2 0.23±0.08 0.013±0.004 101.94=fc5.02 84.48=^1.62 0.008=1=0.001 0.046=1=0.024
A3 0.77±0.23 0.123=k0.092 110.11±3.59 56.50±1.70 0.022±0.009 0.033=t0.019
A4 0.42±0.09 0.085±0.053 105.20±2.12 62.10±1.56 0.014=1=0.004 0.059d=0.025
B1 0.31±0.06 0.010±0.005 51.25J=4.87 48.67±2.78 0.005=1=0.001 0.052±0.057
B2 0.32±0.02 0.083±0.026 89.80±6.50 71.60±1.22 0.008=b0.001 0.050=1=0.051
B3 0.30±0.14 0.344±0.049 102.23±9.93 81.16=1=4.19 0.012=1=0.001 0.166=1=0.227
B4 0.38±0.37 0.058±0.025 100.50±6.12 74.75=1=2.75 0.010=fc0.003 0.615±1.130
Cl 0.10±0.03 <0.005 99.52±6.14 59.29±0.88 0.002=1=0.001 0.044=t0.023
C2 0.25±0.03 <0.005 102.20=k4.47 70.32=1=2.34 0.006=1=0.000 0.055=1=0.030
C3 0.10±0.03 0.027±0.010 109.43±4.51 71.36=1=0.71 0.001=1=0.001 0.058±0.044
C4 0.15±0.05 0.127^=0.073 106.65±5.29 78.68=t4.35 0.003±0.001 0.084=1=0.078
ISC-A 0.49±0.04 <0.005 44.32±2.28 40.87=1=13.28 0.005±0.001 0.067^=0.063
ISC-B 0.48±0.05 <0.005 44.86±1.96 56.02=t23.42 0.005±0.001 0.040±0.025
ISC-C 0.50±0.04 0.006=t0.001 28.40=t8.17 36.18=1=4.90 0.005±0.001 0.045=1=0.030
LFH 0.51±0.05 0.007=fc0.002 15.84±0.83 31.99=1=4.30 0.005±0.001 0.038=1=0.014
Peeper box chemistry
Table 5 contains the water chemistry data for the peeper boxes. The error 
associated with each value is 10%. An analysis of variance (ANOVA) (alpha = 0.05; 
p<0.05) of the data determined differences between the sample boxes in each transect 
(Transect A = PB A, Transect B = PBB) and sample depths (due to streambed movement, 
these are approximate depths below the streambed surface but are accurate relative to one 
another within each month); Appendix E contains the results. The Levene test determined 
the homogeneity of variance of the data and, therefore, the validity of the ANOVA. The 
limited number of samples per month did not permit determination of monthly variability. 
Temperature, pH, and alkalinity was not measured in September so no comparison can be 
made. In addition, no measurable N, Al, Ba, Fe or Mn concentrations were found in
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either box. Since uncontaminated Zn concentrations can not be guaranteed for surface 
water and ground water and since the peepers boxes may have been contaminated by the 
tools used to buüd them, Zn concentrations are not compared here.
Variability between the boxes: September and October F, Cl, sulfate, As, B, Ca,
K, Na, and Si concentrations were higher in PBB than in PBA Sr concentrations also 
were higher in PBB than in PBA in September. Temperature, pH, and alkalinity were not 
measured in September. However, there was no variation in pH between the peeper boxes 
in October. In addition, temperature, alkalinity, Li concentrations were higher in PBB 
than PBA in October. Conversely, Mg concentrations were higher in PBA than PBB in 
September. ANOVA on September Li concentrations and on October Mg and Sr 
concentrations was not valid due to the non-homogeneity of variance.
Variability with depth below the streambed surface: In PBA, Cl, F, sulfate, As, B, 
Ba, Ca, K, Li, Na, and Si concentrations remained unchanged with depth. Mg 
concentrations slightly increased with depth. Al and Sr concentrations were near the 
detection limit and resulted in a non-homogeneous variance.
In PBB, Cl, F, N, sulfate. As, Ba, Ca, K, Li, Mg, and Sr concentrations remained 
constant with depth. B, Na, and Si concentrations increased with depth. Al 
concentrations were near the detection limit and failed the test for homogeneity.
Variability between peeper boxes, stream water, and ground water : Across 
Transect A, Ba, K, and Na concentrations remained constant. Cl concentrations were 
lowest in the peeper box and in the stream. In general, the peeper box water chemistry 
most closely resembled the stream water chemistry. Temperature, pH, alkalinity, F,
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sulfate, As, B, Ca, Li, Nlg, Na, Si, and Sr variances were not honiogeneous and, therefore, 
ANOVA was not performed.
Table 5. Peeper box A and B chemistry
temperature (°C) pH Alkalinity (mg/L CaCOj)
Date depth 09/25/98 10/24/98 09/25/98 10/24/98 09/25/98 10/24/98
Peeper Box A 2 cm n.m. 12.0 n.m. 7.74 n.m. 54
Peeper Box A 4 cm n.m. 10.6 n.m. 7.74 n.m. 70
Peeper Box A 6 cm n.m. 10.8 n.m. 7.54 n.m. 62.5
Peeper Box A 8 cm n.m. 10.3 n.m. 7.33 n.m. 47.5
Peeper Box B 2 cm n.m. 14.9 n.m. 7.54 n.m. 122.5
Peeper Box B 4 cm n.m. 14.0 n.m. 7.45 n.m. 132.5
Peeper Box B 6 cm n.m. 13.7 n.m. 7.55 n.m. 130
Peeper Box B 8 cm n.m. 13.5 n.m. 7.64 n.m. 145
F (mg/L) Cl (mg/L) N in Nitrate (mg/L)
Date depth 09/25/98 10/24/98 09/25/98 10/24/98 09/25/98 10/24/98
Peeper Box A 2 cm 4.48 5.42 24.83 23.56 <0.125 <0.125
Peeper Box A 4 cm 4.64 5.89 25.38 26.22 <0.125 <0.125
Peeper Box A 6 cm 4.67 6.46 25.26 28.82 <0.125 <0.125
Peeper Box A 8 cm 4.65 5.87 25.55 35.58 <0.125 <0.125
Peeper Box B 2 cm 7.69 6.91 36.09 33.10 <0.125 <0.125
Peeper Box B 4 cm 7.65 10.41 35.83 51.23 <0.125 0.17
Peeper Box B 6 cm 7.76 8.62 36.18 43.76 <0.125 0.15
Peeper Box B 8 cm 7.73 8.66 36.31 41.32 <0.125 0.14
Sulfate (mg/L) Al(ppm) As (ppm)
Date depth 09/25/98 10/24/98 09/25/98 10/24/98 09/25/98 10/24/98
Peeper Box A 2 cm <5.00 5.82 <0.05 0.053 0.114 0.104
Peeper Box A 4 cm <5.00 6.73 0.141 <0.05 0.138 0.162
Peeper Box A 6 cm <5.00 7.40 <0.05 <0.05 0.112 0.149
Peeper Box A 8 cm <5.00 7.23 0.14 <0.05 0.123 0.196
Peeper Box B 2 cm 8.58 8.40 <0.05 <0.05 0.26 0.284
Peeper Box B 4 cm 8.64 11.99 1.22 <0.05 0.243 0.303
Peeper Box B 6 cm 8.62 9.90 <0.05 <0.05 0.23 0.315
Peeper Box B 8 cm 8.70 9.93 0.082 <0.05 0.258 0.285
Below detection: Ag, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, W
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Table 5. Peeper box A and B chemistry (continued)
B (ppm) Ba (ppm) Ca (ppm)
Date depth 09/25/98 10/24/98 09/25/98 10/24/98 09/25/98 10/24/98
Peeper Box A 2 cm 0.34 0.251 0.017 <0.01 5.56 5.15
Peeper Box A 4 cm 0.33 0.303 0.013 <0.01 5.62 5.41
Peeper Box A 6 cm 0.34 0.313 <0.01 <0.01 5.54 5.54
Peeper Box A 8 cm 0.35 0.312 <0.01 <0.01 5.48 5.8
Peeper Box B 2 cm 0.61 0.539 0.01 <0.01 8.47 8.04
Peeper Box B 4 cm 0.64 0.603 0.017 <0.01 9.03 8.6
Peeper Box B 6 cm 0.63 0.649 <0.01 0.033 8.42 8.87
Peeper Box B 8 cm 0.66 0.642 0.013 0.034 8.36 9.16
K(ppm) Li (ppm) Mg (ppm)
Date depth 09/25/98 10/24/98 09/25/98 10/24/98 09/25/98 10/24/98
Peeper Box A 2 cm 5.23 5.86 0.29 0.258 0.466 0.506
Peeper Box A 4 cm 5.66 6.59 0.29 0.318 0.47 0.517
Peeper Box A 6 cm 5.44 6.43 0.32 0.328 0.455 0.531
Peeper Box A 8 cm 5.62 6.31 0.31 0.315 0.489 0.545
Peeper Box B 2 cm 7.96 8.45 0.43 0.42 0.234 0.484
Peeper Box B 4 cm 8.9 9.53 0.43 0.46 0.36 0.237
Peeper Box B 6 cm 8.03 8.85 0.44 0.465 0.213 0.265
Peeper Box B 8 cm 8.13 8.99 0.44 0.46 0.246 0.244
Na (ppm) Si (ppm) Sr (ppm)
Date depth 09/25/98 10/24/98 09/25/98 10/24/98 09/25/98 10/24/98
Peeper Box A 2 cm 41.61 39.47 36.9 32.82 0.004 0.006
Peeper Box A 4 cm 42.59 45.56 38.4 39.94 0.005 0.006
Peeper Box A 6 cm 41.9 45.5 38 39.67 0.004 0.006
Peeper Box A 8 cm 43.05 45.97 39.9 39.48 0.005 0.006
Peeper Box B 2 cm 91.48 86.05 72.8 68.1 0.007 0.008
Peeper Box B 4 cm 91.11 99.75 73.2 78.78 0.009 0.009
Peeper Box B 6 cm 91.93 104.23 75.3 80.45 0.007 0.009
Peeper Box B 8 cm 95.41 109.45 78.9 80.36 0.007 0.009
Across Transect B, no significant change in Fe concentrations occurred. 
Temperature was lowest and pH was highest in the peeper box and the stream. Mn was 
not detected in the peeper box or the stream. Alkalinity, F, Cl, sulfate, K, and Na 
concentrations in the peeper box were higher than in the stream and the same as
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concentrations in the ground water. In general, the peeper box water chemistry most 
closely resembled the ground water chemistry.
Geochemical modeling
Comparisons of MINTEQA2  calculated saturation indices were made across all 
transects and between the peeper boxes. The saturation index (SI) of a mineral is a 
numeric representation of the saturation of a solution with respect to that mineral. It is 
equal to the logarithm of the ratio of the ion activity product (lAP) and the solubility 
product (Kgp). A saturation index value greater than zero represents super saturation, and 
therefore, precipitation. Conversely, undersaturation is represented by values less than 
zero. Appendix F contains all input files and one sample output file.
Transects: Table 6  contains the saturation indices for selected minerals in ground 
water and surface water across the transects. The saturation indices (SI) for chalcedony, 
cristobalite, quartz, amorphous silica, sepiolite (crystalline), magadiite, wairakite, 
boehmite, ferrihydrite, goethite, Na jarosite, fluorite, and chlorite indicate that they could 
be at or near saturation in the stream and well water across all Transects. In Transect A, 
the well waters have higher saturation indices with respect to silica phases (chalcedony, 
cristobalite, quartz, and amorphous silica) than the stream water.
Peeper Boxes: Table 7 contains saturation indices for selected minerals in the 
peeper boxes. The minerals at or near saturation in the peeper boxes are chalcedony, 
cristobalite, quartz, amorphous silica, magadiite, boehmite, and fluorite. Chalcedony, 
cristobalite, and magadiite are above saturation in Peeper Box B but not in Peeper Box A 
Fluorite and amorphous silica are closer to saturation in PBB than in PBA.
40
Table 6. Transect saturation indices for selected minerals
A l A2 ISC-A A3 A4
chalcedony 0.914 0.982 0.722 0.864 0.915 SiOj
cristobalite 0.986 1.042 0.798 0.935 0.988 SiOj
quartz 1.412 1.458 1.228 1.360 1.414 SiOj
amorphous silica 0.095 0.172 -0.101 0.045 0.095 SiOz
wairakite — — — — — CaAljSi^Oij^SH^O
sepiolite (C) -7.295 -5.547 -3.610 -4.145 -4.860 Mg4(OH)2Si,Oi5 H2O+4 H2O
chlorite (Mg) — - * — — — Nao.5Mg,(Si,Al)80i8(OH)i2*5HjO
magadiite -0.147 1.321 -0.160 0.430 0.625 NaSi70i3(0H)3,4H20
Na jarosite 1.611 -0.613 -5.774 - - -1.355 NaFe3(S0 4 )2(OH),
ferrihydrite 2.359 1.973 2.189 — 1.951 Fe(0 H)3
goethite 6.653 6.285 6.089 5.916 FeOOH
fluorite 0.072 0.354 -0.174 0.866 0.695 C a F j
boehmite — — — —— AlOOH
A10H3(A) — — — — — AlOHa(A)
A14(O)10SO4 —— — • • —— —— Al/Om,nSO<
B1 B2 ISC-B B3 B4
chalcedony 0 . 866 0.934 0.887 0.961 0.955 S1O2
cristobalite 0.951 0.999 0.966 1.021 1.020 SiO:
quartz 1.386 1.418 1.397 1.436 1.440 Si0 2
amorphous silica 0.038 0 . 120 0.063 0.152 0.141 SiOj
wairakite — — 1.974 -0.213 5.048 CaAl2Si4 0 ,2*2H2 0
sepiolite (C) -6.549 -6.549 -1.205 -5.578 -5.231 Mg4(OH)2SigOi5 H2O+4 H2O
chlorite (Mg) — — 3.294 -10.572 2.124 Na,.5Mg,(Si,Al)80i8(0H),2*5H20
magadiite -0.635 0.762 0.854 1.170 1.040 NaSi20i3(0H)3*4H20
Na jarosite — 0.064 — 1.164 0.462 NaFe3(S04)2(OH>5
ferrihydrite — 2.121 — 2.484 2.293 Fe(0 H)3
goethite 6.474 —— 6.948 6.666 FeOOH
fluorite -0.504 0.1545 -0.148 0.364 0.386 CaFj
boehmite — — 0.385 0.804 2.757 AlOOH
A10H3(A) — — -1.394 - 1.012 0.938 A1 0 H3(A)
A14(O)10SO4 — — -5.800 — 1.696 A14(OH)iqS0 5
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Table 6. Transect saturation indices for selected minerals (continued) 
Cl C2 ISC-C C3 C4
chalcedony 0.973 0.957 0.711 0.963 0.969 SiOj
cristobalite 0.982 1.027 0.792 1.034 1.033 SiOj
quartz 1.410 1.452 1.224 1.458 1.451 SiOj
amorphous sihca 0.084 0.138 -0.115 0.145 0.156 SiOj
wairakite 0.475 0.184 0.829 — CaAl2SL0n*2H20
sepiolite (C) -5.342 -5.000 -1.991 -6.426 -6.526 Mg4(OH)2Si60i5 H2O+4H2O
ciüorite (Mg) -8.253 -7.628 0.292 — — Nao.5Mg,(Si,Al)80i8(OH)i2*5H20
magadiite 0.678 1.012 -0.752 0.699 1.365 NaSi?Oi3(OH)3.4H20
Na jarosite -1.143 — -4.546 -1.488 -0.063 NaFe3(S0 4 )2(OH),
ferrihydrite 2.462 " 2.221 1.92 2.355 Fe(OH)3
goethite 6.519 —— 6.267 5.969 6.645 FeOOH
fluorite -0.578 0.218 -0.264 — -0.034 CaF2
boehmite 1.21 0.765 0.807 —— — AlOOH
A10H3(A) -0.567 — -0.989 ” —— A10Ha(A)
A14(O)10SO4 -0.372 ■5.318 -5.105 — AL(Om,nSO<
Table 7. Peeper box saturation indices for selected minerals 
Peeper Box A_____________________________________
depth Tcm̂  chalcedony cristobalite quartz amorphous silica magadiite fluorite
2 0.746 0.840 1.283 -0.090 -1.264 -0.011
4 0.848 0.945 1.390 0.009 -0.617 0.093
6 0.843 0.939 1.384 0.004 -0.936 0.181
8 0.846 0.944 1.390 0.006 -1.061 0.128
Peeper Box B
depth fcm') chalcedonv cristobalite Quartz amomhous silica magadiite fluorite
2 1.026 1.113 1.550 0.195 1.071 0.301
4 1.101 1.190 1.629 0.268 1.494 0.683
6 1.114 1.204 1.644 0.281 1.678 0.539
8 1 116 1.207 1.647 0.283 1.787 0.555
Discussion
Identification o f  armoring matrix
SEM/EDS/BEI analysis revealed that the cemented sediments in the armoring 
consist of Al, K, and Na. Powder XRD analyses identified the grains as feldspar. 
According to SEM/EDS/BEI analysis, the matrix contains mainly Si and O with some Mn. 
More Fe and Mg may be present but if their concentrations are small relative to the 
amount of Si and O in the sample, they will not be detected. XRD analyses further 
' identified the Si and O in the matrix as amorphous silica, which does precipitate from 
natural aqueous solutions.
Bead tubes: determination o f current streambed armorins formation
Fresh mineral precipitation on beads is found only on beads fi"om below the 
streambed surface in Transect B. The presence of this fresh mineral precipitate, identified 
as silica, indicates that armoring was occurring in the stream at Transect B throughout the 
duration of this study. The lack of mineral precipitation on beads from Transect A 
indicate that streambed armoring was not occurring at that site.
Electromagnetic conductivity survey
The monthly electromagnetic (EM) ground conductivity surveys are very similar at 
each site, indicating that, over the months studied, the amount and type of water (meteoric 
or thermal) 6  m below the ground surface remained constant. Changes in ground 
conductivity values throughout the study site range from 8.506 near well A2 to 28.594 
near wells C3 and C4. This change may represent changes in stratigraphy and/or changes 
from meteoric to thermal ground water; thermal water is higher in dissolved minerals and
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will be reflected in higher EM conductivity values. Well A l  is surrounded on 3 sides by 
Iron Spring Creek. The ground water around well A2 may be mostly meteoric. Wells C3 
and C4 are closest to Biscuit Basin, a thermal area. The ground water around these wells 
may be mostly thermal. In general, the ground conductivity values in Transect A, which is 
farthest from Biscuit Basin, are lower than in Transects B and C, which are closer to 
Biscuit Basin.
Site Hydrogeology
The stream is losing where streambed armoring occurs. Downwelling may also 
occur in armored areas of the Firehole River and Sentinel Creek (N. Hinman, pers. comm.; 
Gibson, 1999) It appears that losing sections of streams provide the necessary conditions 
for silica precipitation and, therefore, streambed armoring formation. In the hyporheic 
zone, mixing of limited amounts of ground and surface water prevent dilution of silica but 
allow chemical changes that may promote silica precipitation; these chemical changes are 
discussed in the next section.
Stream-water. çTOund-water. and peeper box chemistry
Iron Spring Creek (ISC) water chemistry represents meteoric water with some 
thermal characteristics, mostly from thermal inputs from Black Sand Basin upstream and 
some small thermal seeps along its banks. Conversely, the Little Firehole River chemistry 
does not show as strong a thermal component nor does it have any major thermal inputs 
throughout its length. Decreases of alkalinity, Cl, F, As, B, K, Li, and Na concentrations 
in (ISC) at Transect C are probably due to dilution by the Little Firehole River (LFR).
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The appearance of sulfate and the increase in Ca concentrations in ISC at Transect C can 
also be attributed to mixing with the LFR.
The water chemistry in the wells is thermal in nature and distinctly different from 
stream water in ISC and the LFR The higher temperature, alkalinity. Cl, F, sulfate, As, B, 
K, Li, Na, Sr, and Si concentrations than found in the stream are characteristic of thermal 
water. The lower ground water pH may be a consequence of decaying organic matter or 
CO2 degassing of the Yellowstone caldera (Werner et al., 1998). Degassing is most likely 
the reason as dissolved organic carbon concentrations were very low. The higher stream 
pH values are probably a consequence of sampling time; the pH will be higher as a result 
of photosynthesis (Brick, 1996). The low concentrations in Well Al mostly likely are due 
to more meteoric water than thermal water. This was expected based on the location of 
Well A l . It is on the edge of the flood plain of Iron Spring Creek. Meteoric ground 
water from the surrounding uplands most likely flow toward the stream and, therefore. 
Well A l. Ca, Mg, and Sr concentrations in Well C2 are the same as in the stream and may 
be due to bank storage (Bencala et al, 1984) of stream water in Well C2; this is possible 
due to the location of the well, which is located opposite and slightly downstream from 
one branch of the confluence of ISC with the LFR.
Peeper box chemistries reflect a mixture of ground water and surface water. In 
Peeper Box B (PBB), higher temperature, alkalinity, F, Cl, sulfate. As, B, Ca, K, Li, Na,
Si, and Sr concentrations than found in Peeper Box A (PBA) indicate that PBB contains 
more of a thermal component than PBA. Increases in B, Na, and Si concentrations with 
depth in PBB also indicate an increasing ground-water component. This thermal
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component is not seen in PBA. This is opposite of what was expected based on the mini- 
piezometer results. PBA chemistry, located in a gaining section of the stream, should have 
resembled ground water chemistry; PBB chemistry, located in a losing section of the 
stream, should have resembled surface water chemistry. Because installation of the peeper 
boxes in the streambed probably disturbed the hydraulic connectivity, the mini-piezometer 
data probably reflect the true processes occurring in this system.
When the water chemistry of the wells, peeper box, and stream are evaluated 
across Transect A and Transect B, the same conclusions are reached. In Transect A, the 
PBA Cl concentrations are similar to stream water concentrations but are distinctly 
different from the ground water concentrations. In Transect B, ion concentrations in PBB 
reflect a strong ground water component while the temperature and pH reflect a mixing of 
ground water and surface water.
The chemical differences between Transect A (no streambed armoring) and 
Transect B (streambed armoring) at the ground water - surface water interface indicate 
that chemical changes in this mixing zone may play an important role in controlling the 
formation of streambed armoring. According to the literature, silica solubility is controlled 
by temperature; pH; alkali cations, such as Na, K, Li, and Mg; trivalent metals, especially 
Al and Fe; and available nucléation sites (Dove and Rimstidt, 1994; Her, 1979 and 
references therein). Changes in pH do occur between the surface water (pH=8.25) and 
ground water (pH=7.0). Within this pH range, the dominant Fe and Al species present in 
ground water carry a positive charge. These species bond with the negatively-charged 
silica and precipitate. In addition, Mn, which was seen in the SEM elemental map, may
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form oxyhydroxides that also may cause silica to precipitate. However, Al, Fe, and Mn 
concentrations are below the detection limit so their role in controlling silica precipitation 
at this site can not be established.
Geochemical modeling
Several forms of silica are at or near saturation in both ground water and surface 
water, including amorphous silica. Also of interest is ferrihydrite, goethite, and the Al 
minerals; the Fe- and Al-containing minerals also are at or near saturation, even at the low 
Fe and Al concentrations found in these waters. Fe and Al, as well as Mn and Mg are 
known to reduce the solubility of silica (Her (1979) and Dove and Rimstidt (1994) and 
references therein). It is possible that Al, Fe, and Mn are causing silica to precipitate in 
this system but since concentrations are at or below the detection limit, this can not be 
confirmed.
Conclusions and Future Research
Some parts of Iron Spring Creek in Yellowstone National Park contain armored 
streambeds that formed when a mineral precipitate cemented the stream sediments in 
place. This study identified the mineral precipitate as amorphous silica. Results of this 
study revealed that the process of streambed armoring is still occurring. The formation 
and distribution of the armoring appears to be hydrologically and possibly chemically 
controlled. The armoring occurs in areas of downwelling in the stream. Chemical 
changes at the surface water - ground water interface may influence silica precipitation but 
the exact controls can not be established with the available data.
Although not considered in this study, biota also may play an important role in 
controlhng silica precipitation. Jones et al. (1997) studied silica-cemented beach sand 
along the shore of Lake Taupo, New Zealand. They determined that microbial activity 
plays a role in the beachrock formation. Warm water from shoreline thermal springs, 
when washed back onto shore, filters down through the beach sediment. The microbes in 
the beach sediment provide nucléation sites onto which the silica precipitates. The same 
processes may be occurring at this study site.
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Appendix A; Surfer Plots
A Geonics Limited EM31 conductivity meter with attached Omnidata Model PC-722B 
polycorder measures and records the ground conductivity over 6  vertical meters. The 
EM31 measures ground conductivity by transmitting circular eddy current loops which 
then generate a magnetic field. The receiver intercepts this magnetic field; the polycorder 
records the difference in voltage between the magnetic field sent and received and then 
reports the value as ground conductivity in millisiemens per meter (mS/m). More 
information is available in the Geonics Limited EM31 Operating Manual from Geonics 
Limited in Ontario, Canada.
Golden Software Inc.’s Surfer software program uses the measured conductivity 
values to create a contour and surface map of the areas surveyed. The following sections 
contain contour plots for each month surveyed.
Section A.1 Contour plots of Transect A EM ground conductivity values (pS/m) in July, 
August, and September
Section A.2 Contour plots of Transect B EM ground conductivity values (pS/m) in July, 
August, and September




Section A I Contour plots of Transect A EM ground conductivity values (pS/m)
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Appendix B: Well Logs
The following are well logs for the 12 wells.





















dry, brown, silty clay
gray/brown, silty clay
black sand & silica 
breccia






dry, brown, silty clay











♦slowly filled with water
depth to water when drilling
ON

















silty clay w/ roots
dry, gray clay




brown, silty clay 
w/roots & iron?






moist, crumbly, silty, 
gray clay













black sand and gravel
collapsing
♦water level not recorded
= depth to water when drilling
<1




0.2 —  
0.3 —  
0.4 —  
0.5 —  
0.6 —  
0.7 —  
0.8  —  
0.9 —  
1.0 —
1 .1 —  
1.2 —  
1.3 —
E
moist, brown, silty 
clay
dry, crumbly gray clay
moist, gray clay
moist, crumbly, dark 
brown clay
silty, sandy clay 
silty sand 
sand and gravel
dry, gray, silty clay











moist, dark brown, 
silty clay
moist, gray, silty clay
soil
moist, brown, silty 
clay
moist, plastic, gray clay moist, gray, silty clay
dark brown, silty sand
dry, gray, silty clay











Appendix C: Water chemistry and statistical data for well and stream water
Section C.l contains a table of measurements and analyses for well and stream water.
Section C.2a contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on stream water chemistry for all three transects. 
Section C.2b contains graphs of stream water chemistry showing differences (as 
determined by ANOVA) throughout the stream reach studied.
Section C.3a contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on stream- and ground-water chemistry across 
Transect A.
Section C.3b contains graphs of stream- and ground-water chemistry showing differences 
(as determined by ANOVA) across Transect A.
Section C.4a contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on stream- and ground-water chemistry across 
Transect B.
Section C.4b contains graphs of stream- and ground-water chemistry showing differences 
(as determined by ANOVA) across Transect B.
Section C.5a contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on stream- and ground-water chemistry across 
Transect C
Section C,5b contains graphs of stream- and ground-water chemistry showing differences 
(as determined by ANOVA) across Transect C.
Section C,6a contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on stream water, ground-water, and peeper box 
chemistry across Transect A.
Section C.6b contains graphs of stream water, ground-water, and peeper box chemistry 
showing differences (as determined by ANOVA) across Transect A.
Section C.7a contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on stream water, ground-water, and peeper box 
chemistry across Transect B
Section C.7b contains graphs of stream water, ground-water, and peeper box chemistry 
showing differences (as determined by ANOVA) across Transect B.
Section C.l
temperature (°C) Alkalinity (mg/L as CaCOg)
July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct
Date 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024
Sample
A1 22.3 20.5 13.9 *+ 6.59 6.69 7.23 ** n.m. n.m. n.m. n.m. 145 100 90 **
A2 31.9 29.9 24.1 21.5 6.91 7.06 7.05 7.20 n.m. n.m. n.m. n.m. 160 175 167 188
A3 23.6 20 14.7 +* 7.37 7.33 7.22 ** n.m. n.m. n.m. n.m. 230 177 184 ++
A4 28.8 ** 13.5 ** 7.51 ** 7.06 ** n.m. n.m. n.m. n.m. 180 ** 179 +*
81 18.9 18.9 12.1 14.5 7.18 6.99 6.82 7.29 n.m. n.m. n.m. n.m. 95 80 74 76
82 27.1 27.8 20.0 24.1 7.03 6.86 7.09 7.23 n.m. n.m. n.m. n.m. 160 146 138 142
83 30.4 29.0 28.1 20.9 6.79 6.91 7.15 7.26 n.m. n.m. n.m. n.m. 195 165 164 167
84 31.1 25.5 22.6 19.0 7.54 6.97 6.96 7.15 n.m. n.m. n.m. n.m. 160 161 163 161
Cl 23.1 21.3 19.5 15.9 7.43 7.49 7.46 7.63 n.m. n.m. n.m. n.m. 170 140 141 148
C2 29.5 31.1 29.6 26.1 7.31 7.24 7.28 7.39 n.m. n.m. n.m. n.m. 170 158 153 154
C3 28.5 22.8 21.4 15.7 7.29 7.03 7.10 7.21 n.m. n.m. n.m. n.m. 230 180 205 164
C4 29.4 26.9 24.8 19.6 7.45 7.08 7.39 7.29 n.m. n.m. n.m. n.m. 190 160 180 164
ISC-A 25.9 22.8 17.4 11.8 8.29 8.29 8.25 8.54 1 1 0.86 n.m. 60 65 57 61
ISC-8 n.m. 21.8 17.2 16.4 n.m. 8.19 8.09 8.54 1 0 n.m. n.m. 75 60 63 61
ISC-C 22.5 19.8 15.6 12.9 8.13 8.05 8.21 8.29 1 1 0 n.m. 60 46 48 40
LFH 22.4 17.5 13.1 11.3 7.77 7.51 7.75 8.10 3 1 0.87 n.m. 35 38 32 38
**well not producing, pulled out by wildlife 
n.m. = not measured
below detection; Ag, Be, Cd, Co, Cr, Cu, Mo, Ni, Pb, V 
ISC = Iron Spring Creek 
LFH = Little Firehole River
ONo
Section C. 1
DOC Mean Gone, (ppm) Fluoride (mg/L) Chloride (mg/L) N in Nitrate (mg/L)
July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct
Date 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024
Sample
A1 6 <1 <1 n.m. 7.83 6.03 6.20 ** 31.31 28.48 22.86 *+ <0.125 <0.125 <0.125 **
A2 2 <1 <1 n.m. 9.12 9.23 9.16 9.29 39.15 45.24 38.67 39.63 <0.125 <0.125 <0.125 <0.125
A3 7 2 n.m. n.m. 10.43 10.04 10.25 ** 42.16 47.55 41.31 ** <0.125 <0.125 <0.125 **
A4 5 ** <1 n.m. 9.79 ** 9.75 *+ 41.62 ** 40.28 ** <0.125 +* <0.125 **
B1 1 3 <1 n.m. 4.01 5.32 3.84 4.31 23.03 24.56 19.44 19.67 0.141 0.139 0.218 <0.125
B2 3 <1 <1 n.m. 7.98 7.67 7.53 7.30 35.76 42.29 35.62 37.01 <0.125 <0.125 <0.125 <0.125
B3 13 4 I n.m. 9.65 9.39 8.82 8.21 37.08 41.97 35.54 36.79 <0.125 <0.125 <0.125 <0.125
B4 1 1 <1 n.m. 9.14 9.37 9.35 9.05 37.76 42.95 36.47 37.43 <0.125 <0.125 <0.125 <0.125
Cl bdl <1 1 n.m. 7.21 7.34 7.30 7.60 47.39 54.20 45.87 45.93 0.216 0.213 <0.125 0.180
C2 2 2 <1 n.m. 8.18 8.48 8.35 8.45 46.76 55.11 46.85 47.78 0.137 0.145 <0.125 0.153
C3 2 <1 <1 n.m. 10.52 9.88 9.72 9.53 41.38 47.19 40.19 40.56 <0.125 <0.125 <0.125 <0.125
C4 2 <1 <1 n.m. 11.10 9.73 9.75 9.32 41.22 45.56 38.85 40.64 <0.125 <0.125 <0.125 <0.125
ISC-A bdl <1 <1 n.m. 5.22 5.47 5.24 5.19 25.82 30.11 24.08 26.77 <0.125 <0.125 <0.125 <0.125
ISC-B bdl <1 <1 n.m. 5.18 5.64 5.18 5.29 26.15 29.62 24.53 27.85 <0.125 <0.125 <0.125 <0.125
ISC-C bdl <1 <1 n.m. 4.66 4.20 4.41 3.61 21.44 18.82 15.81 <15 <0.125 <0.125 <0.125 <0.125
LFH bdl <1 <1 n.m. 3.26 3.00 3.25 3.06 <15 <15 <15 <15 0.254 <0.125 <0.125 <0.125
**well not producing, pulled out by wildlife
n.m. = not measured
below detection: Ag, Be, Cd, Co, Cr., Cu, Mo, Ni, Pb, V
ISC = Iron Spring Creek 
LFH = Little Firehole River
O n
Section C. 1
Sulfate (mg/L) As (ppm)
July. Aug Sept Oct July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct
Date 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024
Sample
Al 5.09 8.85 10.02 ** <0.05 <0.05 <0.05 ** 0.17 0.16 <0.03 .** 0.58 0.46 <0.02 ♦♦
A2 8.62 5.73 7.21 9.22 <0.05 <0.05 <0.05 <0.05 0.28 0.26 0.26 0.30 0.78 0.70 0.71 0.67
A3 7.74 9.13 10.04 ** <0.05 <0.05 <0.05 +* 0.47 0.28 0.41 ** 0.81 0.80 0.42 **
A4 10.31 ** 8.25 ** <0.05 ** <0.05 *+ 0.27 ** 0.27 *+ 0.81 ** 0.73 **
B1 6.29 7.36 6.84 7.96 <0.05 <0.05 <0.05 <0.05 0.15 0.11 0.14 0.20 0.40 0.35 0.32 0.29
B2 8.19 7.58 7.73 8.27 <0.05 <0.05 <0.05 <0.05 0.26 0.22 0.22 0.27 0.68 0.63 0.62 0.60
B3 <5.00 <5.00 <5.00 5.83 0.985 <0.05 <0.05 <0.05 0.60 0.29 0.25 0.25 0.82 0.70 0.66 0.59
B4 8.69 8.41 8.57 9.42 4.51 <0.05 <0.05 <0.05 0.33 0.32 0.32 0.29 0.79 0.71 0.72 0.65
Cl 8.31 7.78 7.81 9.23 <0.05 <0.05 <0.05 0.162 0.32 0.30 0.30 0.34 0.75 0.72 0.69 0.66
C2 9.81 9.36 9.39 10.48 0.056 <0.05 <0.05 <0.05 0.30 0.32 0.30 0.34 0.80 0.74 0.73 0.70
C3 9.21 8.35 8.63 9.54 <0.05 <0.05 <0.05 <0.05 0.41 0.34 0.32 0.35 0.83 0.76 0.72 0.66
C4 9.04 8.63 8.63 9.26 <0.05 <0.05 <0.05 <0.05 0.40 0.32 0.29 0.29 0.87 0.71 0.70 0.61
ISC-A <5.00 <5.00 <5.00 5.78 <0.05 <0.05 <0.05 <0.05 0.14 0.15 0.12 0.19 0.40 0.34 0.33 0.17
ISC-B <5.00 <5.00 <5.00 5.93 <0.05 <0.05 <0.05 0.051 0.15 0.13 0.14 0.20 0.36 0.33 0.33 0.71
ISC-C 5.08 5.49 5.64 7.47 0.084 <0.05 <0.05 <0.05 0.10 0.06 0.08 0.07 0.31 0.15 0.20 0.14
LFH 6.18 6.38 6.67 7.84 <0.05 <0.05 <0.05 <0.05 <0.03 0.05 <0.03 <0.03 0.14 0.09 0.09 0.07
**well not producing, pulled out by wildlife 
n.m. = not measured
below detection: Ag, Be, Cd, Co, Cr., Cu, Mo, Ni, Pb, V 
ISC = Iron Spring Creek 
LFH = Little Firehole River
osro
Section C.l
Ba (ppm) Ca (ppm)
July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct
Date 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024
Sample
Al 0.017 <0.010 <0.010 *+ 7.62 4.20 <0.05 ** 0.612 <0.050 <0.050 ** 9.36 7.98 <0.10 **
A2 <0.010 <0.010 <0.010 <0.010 7.39 7.26 7.37 8.14 <0.050 <0.050 0.071 0.096 10.56 9.77 9.28 10.04
A3 0.024 0.018 0.038 +* 24.29 12.48 15.25 ** <0.050 <0.050 <0.050 *+ 9.75 8.73 9.59 **
A4 0.012 0.031 *+ 11.01 ** 14.39 ** <0.050 ** 0.089 ** 8.97 ** 8.86 *+
B1 <0.010 <0.010 <0.010 <0.010 3.47 2.88 2.60 3.10 <0.050 <0.050 <0.050 <0.050 7.09 6.79 6.52 7.45
B2 <0.010 <0.010 0.013 <0.010 6.67 6.08 6.07 6.69 <0.050 0.116 0.110 0.182 9.16 8.73 8.61 10.42
B3 0.035 <0.010 <0.010 <0.010 10.52 9.59 7.94 8.42 0.104 0.520 0.443 0.485 10.22 9.07 8.06 9.01
B4 0.016 <0.010 <0.010 <0.010 11.16 7.19 6.70 7.75 0.131 0.152 0.223 0.179 10.63 8.50 841 9.66
Cl <0.010 <0.010 <0.010 <0.010 0.98 1.19 0.95 1.39 <0.050 <0.050 <0.050 0.114 11.18 11.17 10.96 13.06
C2 <0.010 <0.010 <0.010 <0.010 5.62 5.57 5.60 6.01 <0.050 <0.050 <0.050 <0.050 9.59 8.87 9.12 10.75
C3 0.011 <0.010 <0.010 <0.010 1.15 1.29 1.05 1.06 <0.050 <0.050 <0.050 0.062 9.05 9.20 9.17 10.39
C4 0.015 <0.010 <0.010 <0.010 2.16 2.20 2.53 3.33 <0.050 <0.050 0.107 0.169 9.41 9.88 10.00 11.23
ISC-A <0.010 <0.010 <0.010 <0.010 4.68 4.56 4.48 5.18 <0.050 <0.050 <0.050 0.083 5.71 5.55 5.93 6.48
ISC-B <0.010 <0.010 <0.010 <0.010 4.66 4.68 4.61 4.99 <0.050 <0.050 <0.050 <0.050 5.70 5.62 5.77 6.45
ISC-C <0.010 <0.010 <0.010 <0.010 4.98 5.74 5.32 6.18 <0.050 <0.050 0.059 <0.050 5.25 4.02 4.43 4.74
LFH <0.010 <0.010 <0.010 <0.010 6.05 6.23 6.06 6.62 <0.050 <0.050 <0.050 <0.050 3.54 3.42 3.36 4.00
Fe (ppm) K (ppm)
**well not producing, pulled out by wildlife 
n.m. = not measured
below detection: Ag, Be, Cd, Co, Cr., Cu, Mo, Ni, Pb, V 
ISC = Iron Spring Creek 
LFH = Little Firehole River
o\u>
Section C. 1
Li (ppm) Na (ppm)
July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct July Aug Sept Ocl
Date 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024
Sample
Al 0.38 0.31 <0.01 ** 0.613 0.317 0.107 ** 0.099 0.006 <0.005 *+ 79.34 65.26 0.57 **
A2 0.53 0.46 0.48 0.48 0.327 0.158 0.162 0.265 0.014 0.010 0.008 0.018 101.28 99.46 97.85 109.18
A3 0.55 0.50 <0.01 +* 1.030 0.586 0.689 ** 0.217 0.119 0.034 ** 113.36 110.73 106.25 **
A4 0.53 ** 0.49 ** 0.359 ** 0.489 *+ 0.047 ** 0.122 ** 106.70 ** 103.70 +*
B1 0.35 0.31 0.28 0.29 0.344 0.296 0.238 0.364 <0.005 0.006 <0.005 0.013 58.15 48.69 47.15 51.02
B2 0.48 0.46 0.45 0.47 0.331 0.297 0.330 0.331 0.119 0.084 0.063 0.067 86.83 86.83 86.02 99.53
83 0.57 0.46 0.45 0.46 0.515 0.232 0.213 0.234 0.289 0.406 0.326 0.355 114.39 100.16 90.38 103.98
B4 0.56 0.47 0.45 0.48 0.928 0.218 0.160 0.194 0.082 0.074 0.047 0.027 105.58 97.10 93.59 105.71
Cl 0.67 0.60 0.59 0.63 0.069 0.120 0.096 0.123 <0.005 <0.005 <0.005 0.008 98.10 96.82 94.69 108.48
C2 0.61 0.56 0.57 0.57 0.227 0.282 0.227 0.248 <0.005 0.027 <0.005 <0.005 101.05 100.71 98.37 108.65
C3 0.55 0.52 0.48 0.51 0.095 0.144 0.064 0.082 0.016 0.023 0.031 0.038 111 95 110.94 102.71 112.12
C4 0.57 0.51 0.51 0.50 0.223 0.117 0.105 0.163 0.028 0.120 0.164 0.197 112.53 102.43 101.94 109.71
ISC-A 0.43 0.32 0.33 0.18 0.479 0.462 0.468 0.558 <0.005 <0.005 <0.005 <0.005 43.76 43.93 42.09 47.50
ISC-B 0.39 0.32 0.33 0.71 0.441 0.468 0.453 0.550 <0.005 <0.005 <0.005 <0.005 45.25 43.88 42.90 47.42
ISC-C 0.32 0.12 0.17 0.13 0.489 0.500 0.460 0.553 <0.005 0.005 <0.005 0.006 40.15 22.21 27.64 23.59
LFH 0.08 0.06 0.07 0.05 0.490 0.488 0.478 0.580 0.009 0.006 0.005 0.006 17.00 15.84 15.38 15.14
**well not producing, pulled out by wildlife 
n.m. = not measured
below detection; Ag, Be, Cd, Co, Cr., Cu, Mo, Ni, Pb, V 
ISC = Iron Spring Creek 
LFH = Little Firehole River
ON4̂
Section C. 1
Si (ppm) Sr (ppm)
July Aug Sept Oct July Aug Sept Oct July Aug Sept Oct
Date 980721 980822 980919 981024 980721 980822 980919 981024 980721 980822 980919 981024
Sample
Al 62.80 62.50 <0.05 ** 0.010 0.005 0.001 ** 0.065 0.011 <0.005 **
A2 86.90 83.50 83.60 83.91 0.008 0.006 0.007 0.009 0.040 0.014 0.068 0.060
A3 55.30 57.70 <0.05 +* 0.032 0.015 0.019 ** 0.041 0.012 0.047 **
A4 61.00 *+ 63.20 ** 0.011 *+ 0.016 ** 0.041 ** 0.077 **
81 52.80 46.90 47.20 47.78 0.005 0.004 0.003 0.006 0.020 0.017 0.137 0.033
82 73.00 70.10 71.30 71.98 0.008 0.007 0.007 0.009 0.019 0.023 0.126 0.033
83 86.40 81.90 80.00 76.33 0.013 0.012 0.010 0.011 0.504 0.018 0.091 0.052
84 78.30 73.30 75.40 72.00 0.014 0.008 0.007 0.009 2.310 0.030 0.062 0.056
Cl 60.40 59.20 59.30 58.25 0.001 0.002 0.001 0.003 0.017 0.032 0.067 0.058
C2 73.70 68.30 69.80 69.48 0.006 0.006 0.006 0.007 0.082 0.013 0.070 0.053
C3 70.80 71.50 72.30 70.83 0.001 0.001 0.001 0.002 0.029 0.018 0.116 0.069
C4 82.10 80.40 79.90 72.31 0.003 0.002 0.003 0.004 0.198 0.019 0.059 0.060
ISC-A 53.80 43.40 44.00 22.28 0.005 0.004 0.005 0.006 0.027 0.033 0.045 0.161
ISC-B 46.70 43.50 42.80 91.06 0.004 0.004 0.004 0.006 0.020 0.021 0.072 0.048
ISC-C 43.00 32.10 36.40 33.20 0.005 0.005 0.004 0.006 0.062 0.006 0.075 0.037
LFH 38.30 29.20 31.10 29.37 0.005 0.005 0.004 0.006 0.055 0.020 0.037 0.040
Zn (ppm)
**well not producing, pulled out by wildlife 
n.m = not measured
below detection: Ag, Be, Cd, Co, Cr., Cu, Mo, Ni, Pb, V 
ISC = Iron Spring Creek 
LFH = Little Firehole River
o\LA
Section C.2a












1.00 19.4750 6.2061 . 4
2.00 18.4667 2.9143 3
3.00 17.7000 4.2778 4
Total 18.5546 4.4019 11
Levene's Test of Equality of Error Variances^
Dependent Variable: temp
F df1 df2 Sig.
1.640 2 8 .253
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 6.333= 2 3.167 .135 .876
Intercept 3715.194 1 3715.194 158.571 .000
SAMPLE 6.333 2 3.167 .135 .876
Error 187.434 8 23.429
Total 3980.750 11
Corrected Total 193.767 10
a. R Squared = .033 {Adjusted R Squared = -.209)
Section C.2a












1.00 8.3425 .1330 4
2.00 8.2733 .2363 3
3.00 8.1700 .1033 4
Total 8.2609 .1603 11
Levene's Test of Equality of Error Variances^
Dependent Variable: pH
F dfl df2 Sig.
1.903 2 8 .211
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 6.015E-02® 2 3.007E-02 1.223 .344
Intercept 737.205 1 737.205 29976.570 .000
SAMPLE 6.015E-02 2 3.007E-02 1.223 .344
Error .197 8 2.459E-02
Total 750.926 11
Corrected Total .257 10
a. R Squared = .234 (Adjusted R Squared = .043)
Section C.2a












1.00 60.7500 3.3040 4
2.00 64.7500 6.9462 4
3.00 48.5000 8.3865 4
Total 58.0000 9.3517 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Aik
F dfl df2 Sig.
.958 2 9 .420
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 573.500® 2 286.750 6.643 .017
Intercept 40368.000 1 40368.000 935.166 .000
SAMPLE 573.500 2 286.750 6.643 .017
Error 388.500 9 43.167
Total 41330.000 12
Corrected Total 962.000 11
a. R Squared = .596 (Adjusted R Squared = .506)
Section C.2a












1.00 5.2798 .1312 4
2.00 5.3218 .2212 4
3.00 4.2223 .4483 4
Total 4.9413 .5960 12
Levene's Test of Equality of Error Variances^
Dependent Variable: F
F df1 df2 Sig.
1,698 2 9 .237
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 3.105= 2 1.553 17.438 .001
Intercept 292.997 1 292.997 3290.448 .000
SAMPLE 3.105 2 1.553 17.438 .001
Error .801 9 8.904E-02
Total 296.904 12
Corrected Total 3.907 11
a. R Squared = .795 (Adjusted R Squared = .749)
Section C.2a












1.00 26.6929 2.5362 4
2.00 27.0386 2.1888 4
3.00 17.7688 2.9499 4
Total 23.8334 5.0515 12
Levene’s  Test of Equality of Error Variances^
Dependent Variable: Cl
F dfl df2 Sig.
.362 2 9 .706
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE
Tests of Between-Subjects Effects
Dependent Variable: Cl
Source





Corrected Model 220.919= 2 110.459 16.631 .001
Intercept 6816.386 1 6816.386 1026.267 .000
SAMPLE 220.919 2 110.459 16.631 .001
Error 59.777 9 6.642
Total 7097.082 12
Corrected Total 280.696 11
a. R Squared = .787 (Adjusted R Squared = .740)
Section C.2a 71











1.00 5.1938 .3876 4
2.00 5.2327 .4655 4
3.00 5.9196 1.0581 4
Total 5.4487 .7257 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Sulfate
F dfl df2 Sig.
2.007 2 9 .190
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 1.334^ 2 .667 1.346 .308
Intercept 356.264 1 356.264 719.011 .000
SAMPLE 1.334 2 .667 1.346 .308
Error 4.459 9 .495
Total 362.057 12
Corrected Total 5.793 11
a. R Squared = .230 (Adjusted R Squared = .059)
Section C.2a 72











1.00 .1490 2.677E-02 4
2.00 .1563 2.815E-02 4
3.00 7.400E-02 1.643E-02 4
Total .1264 4.465E-02 12
Levene's Test of Equality of Error Variances^
Dependent Variable: As
F dfl df2 Sig.
.438 2 9 .658
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 1.659E-02® 2 8.295E-03 13.989 .002
Intercept .192 1 .192 323.412 .000
SAMPLE 1.659E-02 2 8.295E-03 13.989 .002
Error 5.337E-03 9 5.930E-04
Total .214 12
Corrected Total 2.193E-02 11
a. R Squared = .757 (Adjusted R Squared = .703)
Section C.2a 73











1.00 .3090 .1002 4
2.00 .4325 .1855 4
3.00 .1993 7.867E-02 4
Total .3136 .1540 12
Levene's Test of Equality of Error Variances*
Dependent Variable: B
F dfl df2 Sig.
1.662 2 9 .243
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 109* 2 5.447E-02 3.226 .088
Intercept 1.180 1 1180 69.881 .000
SAMPLE .109 2 5.447E-02 3.226 .088
Error .152 9 1 689E-02
Total 1.441 12
Corrected Total .261 11
a. R Squared = .418 {Adjusted R Squared = .288)
Section C.2a 74











1.00 4.7250 .3143 4
2.00 4.7350 .1725 4
3.00 5.5550 .5198 4
Total 5.0050 .5232 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Ca
F df1 df2 Sig.
2.652 2 9 124
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 1.815= 2 .908 6.828 .016
Intercept 300.600 1 300.600 2261.475 .000
SAMPLE 1.815 2 .908 6.828 .016
Error 1.196 9 .133
Total 303.612 12
Corrected Total 3.012 11
a. R Squared = .603 (Adjusted R Squared = .514)
Section C.2a 75











1.00 5.9175 .4061 4
2.00 5.8850 .3816 4
3.00 4.6100 .5187 4
Total 5.4708 .7600 12
Levene's Test of Equality of Error Variances*
Dependent Variable: K
F dfl df2 Sig.
.242 2 9 .790
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 4.448* 2 2.224 11.514 .003
Intercept 359.160 1 359.160 1859.248 .000
SAMPLE 4.448 2 2.224 11.514 .003
Error 1.739 9 .193
Total 365.347 12
Corrected Total 6.187 11
a. R Squared = .719 (Adjusted R Squared = .657)
Section C.2a












1.00 .3145 .1037 4
2.00 .4373 .1838 4
3.00 .1850 9.256E-02 4
Total .3123 .1614 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Li
F dfl df2 Sig.
1.143 2 9 .361
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .127: 2 6.365E-02 3.596 .071
Intercept 1.170 1 1.170 66.113 .000
SAMPLE .127 2 6.365E-02 3.596 .071
Error .159 9 1.770E-02
Total 1.457 12
Corrected Total .287 11
a. R Squared = .444 (Adjusted R Squared = .321)
Section C.2a
77











1.00 .4918 4.472E-02 4
2.00 .4780 4.925E-02 4
3.00 .5005 3.885E-02 4
Total .4901 4.138E-02 12
Levene's Test of Equality of Error Variances*
Dependent Variable: Mg
F dfl df2 Sig.
.165 2 9 .850
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 1.029E-03* 2 5.146E-04 .260 .777
Intercept 2.882 1 2.882 1456.648 000
SAMPLE 1.029E-03 2 5.146E-04 .260 .777
Error 1.781E-02 9 1.979E-03
Total 2.901 12
Corrected Total 1.884E-02 11
a. R Squared = .055 (Adjusted R Squared = -.155)
Section C.2a 78











1.00 44.3200 2.2768 4
2.00 44.8625 1.9585 4
3.00 28.3975 8 1668 4
Total 39.1933 9.1802 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Na
F dfl df2 Sig,
3.227 2 9 .088
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 699.889® 2 349.944 13.865 .002
Intercept 18433.409 1 18433,409 730.354 .000
SAMPLE 699.889 2 349.944 13.865 .002
Error 227.151 9 25.239
Total 19360.448 12
Corrected Total 927.040 11
a. R Squared = .755 (Adjusted R Squared = 701)
Section C.2a












1.00 40.8700 13.2787 4
2.00 56.0150 23.4249 4
3.00 36.1750 4.9020 4
Total 44.3533 16.8072 12
Levene's Test Of Equality of Error Variances^
Dependent Variable: Si
F df1 df2 Sig.
2.856 2 9 .110
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 860.053^ 2 430.026 1.722 .233
Intercept 23606.618 1 23606.618 94.542 .000
SAMPLE 860,053 2 430.026 1.722 .233
Error 2247.241 9 249.693
Total 26713.912 12
Corrected Total 3107.294 11
a. R Squared = .277 (Adjusted R Squared = .116)
Section C.2a












1.00 5.000E-03 8.165E-04 4
2.00 4.500E-03 1.000E-03 4
3.00 5.000E-03 8.165E-04 4
Total 4.833E-03 8.348E-04 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Sr
F dfl df2 Sig.
.273 2 9 .767
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 6.667E-07® 2 3.333E-07 .429 .664
Intercept 2.803E-04 1 2.803E-04 360.429 .000
SAMPLE 6.667E-07 2 3.333E-07 .429 .664
Error 7.000E-06 9 7.778E-07
Total 2.880E-04 12
Corrected Total 7.667E-06 11
a. R Squared = .087 (Adjusted R Squared = -.116)
Section C.2a












1.00 6.650E-02 6.344E-02 4
2.00 4.025E-02 2.482E-02 4
3.00 4.500E-02 3.041 E-02 4
Total 5.058E-02 4.075E-02 12
Levene's Test of Equality of Error Variances^
Dependent Variable: Zn
F dfl df2 Sig.
2.002 2 9 .191
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 1.565E-03® 2 7.826E-04 .422 .668
Intercept 3.070E-02 1 3.070E-02 16.549 .003
SAMPLE 1.565E-03 2 7.826E-04 .422 .668
Error 1.670E-02 9 1.855E-03
Total 4.897E-02 12
Corrected Total 1.826E-02 11
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Univariate Analysis of Variance - Transect A: Temperature












1.00 18.9000 4.4227 3
2.00 26.8500 4.8645 4
2.50 19.4750 6.2061 4
3.00 19.4333 4.4770 3
4.00 21.1500 10.8187 2
Total 21.4125 6.0382 16
Levene's Test of Equality of Error Variances^
Dependent Variable: temp
F dfl df2 Sig.
2.008 4 11 163
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 164.108® 4 41.027 1.179 .372
Intercept 6717.242 1 6717.242 193.030 .000
SAMPLE 164.108 4 41.027 1.179 .372
Error 382.789 11 34.799
Total 7882.820 16
Corrected Total 546.898 15
a. R Squared = ,300 (Adjusted R Squared = .046)
Section C.3a














1.00 6.8367 .3443 3
2.00 7.0550 .1185 4
2.50 8.3425 .1330 4
3.00 7.3067 7.767E-02 3
4.00 7.2850 .3182 2
Total 7.4119 .6043 16
Levene's Test of Equality of Error Variances^
Dependent Variable: pH
F df1 df2 Sig.
4.222 4 11 .026
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 5.032= 4 1.258 31.056 .000
Intercept 813.685 1 813.685 20088.362 .000
SAMPLE 5.032 4 1.258 31.056 .000
Error .446 11 4.051 E-02
Total 884.452 16
Corrected Total 5.477 15
a. R Squared = .919 (Adjusted R Squared = .889)
Section C.3a 87













1.00 111.6667 29.2973 3
2.00 172.5000 12.0139 4
2.50 60.7500 3.3040 4
3.00 197.0000 28.7924 3
4.00 179.5000 .7071 2
Total 138.6250 56.8236 16
Levene's Test of Equality of Error Variances^
Dependent Variable: Aik
F dfl df2 Sig.
6.271 4 11 ,007
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 44592.833® 4 11148.208 31.927 .000
Intercept 312265.20 1 312265.20 894.296 .000
SAMPLE 44592.833 4 11148.208 31.927 .000
Error 3840.917 11 349.174
Total 355904.00 16
Corrected Total 48433.750 15
a. R Squared = .921 (Adjusted R Squared = .892)
Section C.3a














1.00 6.6882 .9942 3
2.00 9.2010 7.419E-02 4
2.50 5.2798 .1312 4
3.00 10.2414 .1964 3
4.00 . 9.7725 2.507E-02 2
Total 8.0161 2.0657 16
Levene's Test of Equality of Error Variances^
Dependent Variable: F
F dfl df2 Sig.
11.554 4 11 .001
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 61.882® 4 15.470 80.170 .000
Intercept 1017.622 1 1017.622 5273.485 .000
SAMPLE 61.882 4 15.470 80,170 .000
Error 2.123 11 .193
Total 1092.123 16
Corrected Total 64.005 15
a. R Squared = .967 (Adjusted R Squared = .955)
Section C.3a 89













1.00 27.5509 4.3004 3
2.00 40.6737 3.0705 4
2.50 26.6929 2.5362 4
3.00 43.6732 3.3859 3
4.00 40.9465 .9469 2
Total 35.3145 8.0601 16
Levene's Test of Equality of Error Variances^ 
Dependent Variable: 01
F dfl df2 Sig.
.936 4 11 .479
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 866.077® 4 216.519 21.973 .000
Intercept 19340.153 1 19340.153 1962.685 .000
SAMPLE 866.077 4 216.519 21.973 .000
Error 108.393 11 9.854
Total 20928.265 16
Corrected Total 974.470 15
a. R Squared = .889 (Adjusted R Squared = ,848)
Section C.3a














1.00 7.9865 2.5776 3
2.00 7.6966 1.5592 4
2.50 5.1938 .3876 4
3.00 8.9703 1.1580 3
4.00 9.2786 1.4528 2
Total 7.5618 2.0119 16
Levene's Test of Equality of Error Variances^
Dependent Variable: Sulfate
F df1 df2 Sig.
3.281 4 11 .053
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 34.890= 4 8.722 3.715 .038
Intercept 918.495 1 918.495 391.241 .000
SAMPLE 34.890 4 8.722 3.715 .038
Error 25.824 11 2.348
Total 975.611 16
Corrected Total 60.714 15
a. R Squared = .575 (Adjusted R Squared = .420)
Section C.3a 91













1.00 .1193 7.747E-02 3
2.00 .2718 1.841 E-02 4
2.50 .1490 2.677E-02 4
3.00 .3847 9.450E-02 3
4.00 .2665 2.121E-03 2
Total .2330 .1087 16
Levene's Test of Equality of Error Variances^
Dependent Variable: As
F dfl df2 Sig.
4.872 4 11 .017
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .144® 4 3.606E-02 12.008 .001
Intercept .851 1 .851 283.518 .000
SAMPLE .144 4 3.606E-02 12.008 .001
Error 3.303E-02 11 3.003E-03
Total 1.046 16
Corrected Total .177 15
a. R Squared = .814 (Adjusted R Squared = .746)
Section C.3a














1.00 .3533 .2948 3
2.00 .7160 4.528E-02 4
2.50 .3090 .1002 4
3.00 .6767 .2223 3
4.00 .7700 5.657E-02 2
Total .5456 .2470 16
Levene's Test of Equality of Error Variances^
Dependent Variable: 8
F dfl df2 Sig.
5.024 4 11 .015
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .603® 4 .151 5.313 .012
Intercept 4.788 1 4.788 168.703 .000
SAMPLE .603 4 .151 5.313 .012
Error .312 11 2.838E-02
Total 5.679 16
Corrected Total .915 15
a. R Squared = .659 (Adjusted R Squared = .535)
Section C.3a














1.00 3.9567 3.7909 3
2.00 7.5400 .4041 4
2.50 4.7250 .3143 4
3.00 17.3400 6.1762 3
4.00 12.7000 2.3900 2
Total 8.6469 5.7938 16
Levene's Test of Equality of Error Variances^
Dependent Variable: Ca
F dfl df2 Sig.
6.008 4 11 .008
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 391.986® 4 97.997 9.665 .001
Intercept 1284.085 1 1284.085 126.647 .000
SAMPLE 391.986 4 97.997 9.665 .001
Error 111.530 11 10.139
Total 1699.811 16
Corrected Total 503.516 15
a. R Squared = .778 (Adjusted R Squared = .698)
Section C.3a














1.00 5.8133 4.9958 3
2.00 9.9125 .5341 4
2.50 5.9175 .4061 4
3.00 9.3567 .5486 3
4.00 8.9150 7.778E-02 2
Total 7.9163 2.6493 16
Levene's Test of Equality of Error Variances^
Dependent Variable: K
F dfl df2 Sig.
11.969 4 11 .001
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 53.406= 4 13.352 2.831 .077
Intercept 955.924 1 955.924 202.706 .000
SAMPLE 53.406 4 13.352 2.831 .077
Error 51.874 11 4.716
Total 1107.952 16
Corrected Total 105.280 15
a. R Squared = .507 (Adjusted R Squared = .328)
Section C.3a














1.00 .3450 4.950E-02 2
2.00 .4885 2.959E-02 4
2.50 .3145 .-1037 4
3.00 .5250 3.536E-02 2
4.00 .5100 2.828E-02 2
Total .4266 .1080 14
Levene's Test of Equality of Error Variances^
Dependent Variable: Li
F dfl df2 Sig.
.905 4 9 .501
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .112® 4 2.805E-02 6.411 .010
Intercept 2.383 1 2.383 544.696 .000
SAMPLE .112 4 2.805E-02 6.411 .010
Error 3.937E-02 9 4.374E-03
Total 2.699 14
Corrected Total .152 13
a. R Squared = .740 {Adjusted R Squared = .625)
Section C.3a














1.00 .3457 .2542 3
2.00 .2280 8.251 E-02 4
2.50 .4918 4.472E-02 4
3.00 .7683 .2324 3
4.00 .4240 9.192E-02 2
Total .4418 .2328 16
Levene's Test of Equality of Error Variances^
Dependent Variable: Mg
F dfl df2 Sig.
3.013 4 11 .066
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .541® 4 .135 5.467 .011
Intercept 3.058 1 3.058 123.626 .000
SAMPLE .541 4 .135 5.467 .011
Error .272 11 2.474E-02
Total 3.936 16
Corrected Total .813 15
a. R Squared = .665 (Adjusted R Squared = .544)
Section C.3a














1.00 3.667E-02 5.398E-02 3
2.00 1.250E-02 4.435E-03 4
2.50 5.000E-03 .0000 4
3.00 .1233 9.158E-02 3
4.00 8.450E-02 5.303E-02 2
Total 4.494E-02 6.209E-02 16
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Mn
F dfl df2 Sig.
4.648 4 11 .019
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 3.236E-02® 4 8.091 E-03 3.494 .045
Intercept 4.119E-02 1 4.119E-02 17.786 .001
SAMPLE 3.236E-02 4 8.09 IE-03 3.494 .045
Error 2.547E-02 11 2.316E-03
Total 9.015E-02 16
Corrected Total 5.783E-02 15
a R Squared = .560 (Adjusted R Squared = .399)
Section C.3a














1.00 48.3897 42.0080 3
2.00 101.9425 5.0243 4
2.50 44.3200 2.2768 4
3.00 110.1133 3.5949 3
4.00 105.2000 2.1213 2
Total 79.4349 34.3047 16
Levene's Test of Equality of Error Variances*
Dependent Variable: Na
F df1 df2 Sig.
11.346 4 11 .001
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 14001.192* 4 3500.298 10.546 .001
Intercept 100843.03 1 100843.03 303.829 .000
SAMPLE 14001.192 4 3500.298 10.546 .001
Error 3650.977 11 331.907
Total 118610.72 16
Corrected Total 17652.169 15
a. R Squared = .793 (Adjusted R Squared = .718)
Section C.3a














1.00 41.7833 36,1424 3
2.00 84.4775 1.6244 4
2.50 40.8700 13.2787 4
3.00 37.6833 32.6135 3
4.00 62.1000 1.5556 2
Total 53.9994 27.1562 16
Levene's Test of Equality of Error Variances^
Dependent Variable; Si
F dfl df2 Sig.
7.657 4 11 .003
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 5782.761® 4 1445.690 3.012 .066
Intercept 42745.903 1 42745.903 89.068 .000
SAMPLE 5782.761 4 1445.690 3.012 .066
Error 5279.140 11 479.922
Total 57716.822 16
Corrected Total 11061.901 15
a. R Squared = .523 (Adjusted R Squared = .349)
Section C.3a














1.00 5.333E-03 4.509E-03 3
2.00 7.500E-03 1.291E-03 4
2.50 5.000E-03 8.165E-04 4
3.00 2.200E-02 8.888E-03 3
4.00 1.350E-02 3.536E-03 2
Total 9.938E-03 7.594E-03 16
Levene's Test of Equality of Error Variances^
Dependent Variable: Sr
F dfl df2 Sig.
5.615 4 11 .010
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 6.468E-04® 4 1.617E-04 8.153 .003
Intercept 1.707E-03 1 1.707E-03 86.050 .000
SAMPLE 6.468E-04 4 1.617E-04 8.153 .003
Error 2.182E-04 11 1.983E-05
Total 2.445E-03 16
Corrected Total 8.649E-04 15
a. R Squared = .748 {Adjusted R Squared = .656)
Section C.3a














1.00 2.025E-02 3.017E-02 4
2.00 4.550E-02 2.408E-02 4
2.50 6.650E-02 6.344E-02 4
3.00 3.333E-02 1.872E-02 3
4.00 5.900E-02 2.546E-02 2
Total 4.394E-02 3.789E-02 17
Levene's Test of Equality of Error Variances^
Dependent Variable: Zn
F dfl df2 Sig.
1.813 4 12 .191
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 5.082E-03» 4 1.270E-03 .852 .519
Intercept 3.186E-02 1 3.186E-02 21.363 .001
SAMPLE 5.082E-03 4 1.270E-03 .852 .519
Error 1.789E-02 12 1.491E-03
Total 5.580E-02 17
Corrected Total 2.297E-02 16
a R Squared = .221 (Adjusted R Squared = -.038)
Section C3.b 102
Transect A: Cl Concentrations
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Section C.4a 103













1.00 16.1000 3.3784 4
2.00 24.7500 3.5501 4
2.50 18.4667 2.9143 3
3.00 27.1000 4.2403 4
4.00 24.5500 5.1124 4
Total 22.3895 5.5553 19
Levene's Test of Equality of Error Variances^
Dependent Variable: temp
F dfl df2 Sig.
.312 4 14 .865
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 334.111 = 4 83.528 5.282 .008
Intercept 9235.201 1 9235.201 584.014 .000
SAMPLE 334.111 4 83.528 5.282 .008
Error 221.387 14 15.813
Total 10079.980 19
Corrected Total 555.498 18
a. R Squared = .601 (Adjusted R Squared = .488)
Section C.4a














1.00 7.0700 .2077 4
2.00 7.0525 .1533 4
2.50 8.2733 .2363 3
3.00 7.0275 .2155 4
4.00 7.1550 .2711 4
Total 7.2653 .4904 19
Levene's Test of Equality of Error Variances^
Dependent Variable: pH
F df1 df2 Sig.
412 4 14 .797
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 3.657® 4 .914 19.066 .000
Intercept 1003.481 1 1003.481 20927.131 .000
SAMPLE 3.657 4 .914 19.066 .000
Error .671 14 4.795E-02
Total 1007.225 19
Corrected Total 4.328 18
a. R Squared = .845 (Adjusted R Squared = .801)
Section C.4a














1.00 81.2500 9.5000 4
2.00 146.5000 9.5743 4
2.50 64.7500 6.9462 4
3.00 172.7500 14.8857 4
4.00 161.2500 1.2583 4
Total 125.3000 45.7454 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Alk
F df1 df2 Sig.
2.121 4 15 .129
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design; Intercept+SAMPLE








Corrected Model 38400.200® 4 9600.050 105.883 .000
Intercept 314001.80 1 314001.80 3463.255 .000
SAMPLE 38400.200 4 9600.050 105.883 .000
Error 1360.000 15 90.667
Total 353762.00 20
Corrected Total 39760.200 19
a R Squared = .966 (Adjusted R Squared = .957)
Section C.4a














1.00 4.3713 .6629 4
2.00 7.6197 .2830 4
2.50 5.3218 .2212 4
3.00 9.0182 .6411 4
4.00 9.2280 .1580 4
Total 7.1118 2.0436 20
Levene's Test of Equality of Error Variances"
Dependent Variable: F
F dfl df2 Sig.
2.532 4 15 .084
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 76.338" 4 19.085 94.995 .000
Intercept 1011.556 1 1011.556 5035.114 .000
SAMPLE 76.338 4 19.085 94.995 .000
Error 3.014 15 .201
Total 1090.908 20
Corrected Total 79.352 19
a. R Squared = .962 (Adjusted R Squared = .952)
Section C.4a














1.00 21.6746 2.5254 4
2.00 37.6706 3.1432 4
2.50 27.0386 2.1888 4
3.00 37.8424 2.8297 4
4.00 38.6524 2.9161 4
Total 32.5757 7.5154 20
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Cl
F dfl df2 Siq.
.117 4 15 .974
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 960.468= 4 240.117 31.965 .000
Intercept 21223.557 1 21223.557 2825.325 .000
SAMPLE 960.468 4 240.117 31.965 .000
Error 112.678 15 7.512
Total 22296.703 20
Corrected Total 1073.146 19
a. R Squared = .895 (Adjusted R Squared = .867)
Section C.4a














1.00 7.1131 .7173 4
2.00 7.9405 .3405 4
2.50 5.2327 .4655 4
3.00 5.2087 .4174 4
4.00 8.7729 .4494 4
Total 6.8536 1.5344 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Sulfate
F dfl df2 Sig.
.812 4 15 .537
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 41.061® 4 10.265 41.957 .000
Intercept 939.429 1 939.429 3839.760 .000
SAMPLE 41.061 4 10.265 41.957 .000
Error 3.670 15 .245
Total 984.160 20
Corrected Total 44.730 19
a. R Squared = .918 (Adjusted R Squared = .896)
Section C.4a














1.00 .1470 3.912E-02 4
2.00 .2420 2.628E-02 4
2.50 .1563 2.815E-02 4
3.00 .3488 .1679 4
4.00 .3123 1.652E-02 4
Total .2413 .1089 20
Levene's Test of Equality of Error Variances^
Dependent Variable: As
F dfl df2 Sig.
5.386 4 15 .007
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .131® 4 3.271 E-02 5.196 .008
Intercept 1.164 1 1.164 184.915 .000
SAMPLE .131 4 3.271 E-02 5.196 .008
Error 9.442E-02 15 6.295E-03
Total 1.389 20
Corrected Total .225 19
a. R Squared = .581 (Adjusted R Squared = .469)
Section C.4a














1.00 .3398 4.726E-02 4
2.00 .6320 3.468E-02 4
2.50 .4325 .1855 4
3.00 .6915 9.782E-02 4
4.00 .7175 5.737E-02 4
Total .5627 1777 20
Levene's Test of Equality of Error Variances^
Dependent Variable: B
F df1 df2 Sig.
2.996 4 15 .053
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .448^ 4 .112 11.042 .000
Intercept 6.332 1 6.332 624.139 .000
SAMPLE .448 4 .112 11.042 .000
Error .152 15 1.014E-02
Total 6.932 20
Corrected Total .600 19
a. R Squared = .746 {Adjusted R Squared = .679)
Section C.4a














1.00 3.0125 .3673 4
2.00 6.3775 .3494 4
2.50 4.7350 .1725 4
3.00 9.1175 1.1638 4
4.00 8.2000 2.0194 4
Total 6.2885 2.4751 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Ca
F dfl df2 Sig.
4.712 4 15 .012
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 99.242® 4 24.811 21.690 .000
Intercept 790.905 1 790.905 691.442 .000
SAMPLE 99.242 4 24.811 21.690 .000
Error 17.158 15 1.144
Total 907.305 20
Corrected Total 116.400 19
a. R Squared = .853 (Adjusted R Squared = .813)
Section C.4a














1.00 6.9625 .3998 4
2.00 9.2300 .8277 4
2.50 5.8850 .3816 4
3.00 9.0900 .8840 4
4.00 9.3000 1.0537 4
Total 8.0935 1.5933 20
Levene's Test of Equality of Error Variances^
Dependent Variable: K
F dfl df2 Sig.
1.342 4 15 .300
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a Design: Intercept+SAMPLE








Corrected Model 39.588^ 4 9.897 17.168 .000
Intercept 1310.095 1 1310.095 2272.636 .000
SAMPLE 39.588 4 9.897 17.168 .000
Error 8.647 15 .576
Total 1358.330 20
Corrected Total 48.235 19
a. R Squared = .821 (Adjusted R Squared = .773)
Section C.4a














1.00 .3083 3.042E-02 4
2.00 .4643 1.261 E-02 4
2.50 .4373 .1838 4
3.00 .4855 5.658E-02 4
4.00 .4900 4.830E-02 4
Total .4371 .1054 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Li
F dfl df2 Sig.
4.587 4 15 ,013
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 8.992E-02® 4 2.248E-02 2.783 .065
Intercept 3.820 1 3.820 472.853 .000
SAMPLE 8.992E-02 4 2.248E-02 2.783 .065
Error .121 15 8.079E-03
Total 4.031 20
Corrected Total .211 19
a. R Squared = .426 (Adjusted R Squared = .273)
Section C.4a














1.00 .3105 5.613E-02 4
2.00 .3223 1.684E-02 4
2.50 .4780 4.925E-02 4
3.00 .2985 .1446 4
4.00 .3750 .3694 4
Total .3569 .1742 20
Levene's Test of Equality of Error Variances^
Dependent Variable; Mg
F dfl df2 Sig.
5.582 4 15 .006
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 8.703E-02® 4 2.176E-02 .666 .625
Intercept 2.547 1 2.547 77.998 .000
SAMPLE 8.703E-02 4 2.176E-02 .666 .625
Error .490 15 3.265E-02
Total 3.124 20
Corrected Total .577 19
a. R Squared = .151 (Adjusted R Squared = -.076)
Section C.4a














1.00 7.250E-03 3.862E-03 4
2.00 8.325E-02 2.551 E-02 4
2.50 5.000E-03 .0000 4
3.00 .3440 4.938E-02 4
4.00 5.750E-02 2.525E-02 4
Total 9.940E-02 .1314 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Mn
F dfl df2 Sig.
4.597 4 15 .013
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .317= 4 7.925E-02 105.905 .000
Intercept .198 1 .198 264.075 .000
SAMPLE .317 4 7.925E-02 105.905 .000
Error 1.122E-02 15 7.483E-04
Total .526 20
Corrected Total .328 19
a. R Squared = .966 (Adjusted R Squared = .957)
Section C.4a














1.00 51.2525 4.8657 4
2.00 89.8025 6.4962 4
2.50 44.8625 1.9585 4
3.00 102.2275 9.9270 4
4.00 100.4950 6.1171 4
Total 77.7280 25.9542 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Na
F dfl df2 Sig.
1.513 4 15 .248
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 12181.794® 4 3045.449 74.035 .000
Intercept 120832.84 1 120832.84 2937.441 .000
SAMPLE 12181.794 4 3045.449 74.035 .000
Error 617.031 15 41.135
Total 133631.67 20
Corrected Total 12798.825 19
a. R Squared = .952 (Adjusted R Squared = .939)
Section C.4a














1.00 48.6700 2.7775 4
2.00 71.5950 1.2171 4
2.50 56.0150 23.4249 4
3.00 81.1575 4.1905 4
4.00 74.7500 2.7502 4
Total 66.4375 15.7211 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Si
F dfl df2 Sig.
6.528 4 15 .003
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 2946.754= 4 736.688 6.318 .003
Intercept 88278.828 1 88278.828 757.048 .000
SAMPLE 2946.754 4 736.688 6.318 .003
Error 1749.139 15 116.609
Total 92974.721 20
Corrected Total 4695.893 19
a. R Squared = .628 (Adjusted R Squared = .528)
Section C.4a














1.00 4.500E-03 1.291E-03 4
2.00 7.750E-03 9.574E-04 4
2.50 4.500E-03 1.000E-03 4
3.00 1.150E-02 1.291E-03 4
4.00 9.500E-03 3.109E-03 4
Total 7.550E-03 3.220E-03 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Sr
F dfl df2 Sig.
1.969 4 15 .151
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 1.522E-04® 4 3.805E-05 12.754 .000
Intercept 1.140E-03 1 1.140E-03 382.140 .000
SAMPLE 1.522E-04 4 3.805E-05 12.754 .000
Error 4.475E-05 15 2.983E-06
Total 1.337E-03 20
Corrected Total 1.970E-04 19
a. R Squared = .773 (Adjusted R Squared = .712)
Section C.4a














1.00 5.175E-02 5.726E-02 4
2.00 5.025E-02 5.084E-02 4
2.50 4.025E-02 2.482E-02 4
3.00 .1663 .2271 4
4.00 .6145 1.1304 4
Total .1846 .5117 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Zn
F dfl df2 Sig.
7.488 4 15 .002
Tests the null hypothesis that the error variance of the dependent variable is equal across groups,
a. Design: Intercept+SAMPLE








Corrected Model .967= 4 .242 .905 .486
Intercept .682 1 .682 2.551 .131
SAMPLE .967 4 .242 .905 .486
Error 4.008 15 .267
Total 5.656 20
Corrected Total 4.974 19
a. R Squared = .194 (Adjusted R Squared = -.021)
Section C.4b 120
Transect B: Temperature
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1.00 19.9500 3.0741 4
2.00 29.0750 2.1140 4
2.50 17.7000 4.2778 4
3.00 22.1000 5.2567 4
4.00 25.1750 4.1652 4
Total 22.8000 5.3811 20
Levene's Test of Equality of Error Variances^
Dependent Variable: temp
F dfl df2 Sig.
.657 4 15 .631
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 318.555a 4 79.639 5.158 .008
Intercept 10396.800 1 10396.800 673.353 .000
SAMPLE 318.555 4 79.639 5.158 .008
Error 231.605 15 15.440
Total 10946.960 20
Corrected Total 550.160 19
a. R Squared = .579 (Adjusted R Squared = .467)
Section C.5a














1.00 7.5025 8.846E-02 4
2.00 7.3050 6.351 E-02 4
2.50 8.1700 .1033 4
3.00 7.1575 .1153 4
4.00 7.3025 .1624 4
Total 7.4875 .3809 20
Levene's Test of Equaiity of Error Variances^
Dependent Variable: pH
F dfl df2 Sig.
.971 4 15 .452
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 2.570= 4 .642 51.666 .000
Intercept 1121.253 1 1121.253 90169.129 .000
SAMPLE 2.570 4 .642 51.666 ,000
Error .187 15 1.244E-02
Total 1124.010 20
Corrected Total 2.756 19
a. R Squared = .932 (Adjusted R Squared = .914)
Section C.5a














1.00 149.7500 13.9613 4
2.00 158.7500 7.8049 4
2.50 48.5000 8.3865 4
3.00 194.7500 28.9295 4
4.00 173.5000 13.9881 4
Total 145.0500 53.9595 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Aik
f df1 df2 Sig.
3.627 4 15 .029
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 51244.700® 4 12811.175 47.143 .000
Intercept 420790.05 1 420790.05 1548.445 .000
SAMPLE 51244.700 4 12811.175 47.143 .000
Error 4076.250 15 271.750
Total 476111.00 20
Corrected Total 55320.950 19
a. R Squared = .926 (Adjusted R Squared = .907)
Section C.5a














1.00 7.3654 .1686 4
2.00 8.3636 .1352 4
2.50 4.2223 .4483 4
3.00 9.9124 .4297 4
4.00 9.9722 .7740 4
Total 7.9672 2.2063 20
Levene's Test of Equality of Error Variances^
Dependent Variable: F
F df1 df2 Sig.
2.163 4 15 .123
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 89.391® 4 22.348 108.326 .000
Intercept 1269.516 1 1269.516 6153.718 .000
SAMPLE 89.391 4 22.348 108.326 .000
Error 3.095 15 .206
Total 1362.001 20
Corrected Total 92.485 19
a. R Squared = .967 (Adjusted R Squared = .958)
Section C.5a














1.00 48.3487 3.9670 4
2.00 49.1247 4.0188 4
2.50 17.7688 2.9499 4
3.00 42.3321 3.2786 4
4.00 41.5654 2.8468 4
Total 39.8280 12.1353 20
Levene's Test of Equality of Error Variances'
Dependent Variable: Cl
F dfl df2 Sig.
.225 4 15 .920
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 2619.722' 4 654.930 55.088 .000
Intercept 31725.312 1 31725.312 2668.487 .000
SAMPLE 2619.722 4 654.930 55.088 .000
Error 178.333 15 11.889
Total 34523.367 20
Corrected Total 2798.055 19
a. R Squared = .936 (Adjusted R Squared = .919)
Section C.5a














1.00 8.2842 .6732 4
2.00 9.7606 .5235 4
2.50 5.9196 1.0581 4
3.00 8.9289 .5400 4
4.00 8.8904 .3120 4
Total 8.3567 1.4657 20
Levene's Test of Equaiity of Error Variances^
Dependent Variable: Sulfate
F dfl df2 Sig.
1.255 4 15 .331
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 34.110® 4 8.528 19.071 .000
Intercept 1396.705 1 1396.705 3123.584 .000
SAMPLE 34.110 4 8.528 19.071 .000
Error 6.707 15 ,447
Total 1437.523 20
Corrected Total 40.818 19
a. R Squared = .836 (Adjusted R Squared = .792)
Section C.5a














1.00 .3140 1.793E-02 4
2.00 .3147 1.972E-02 4
2.50 7.400E-02 1.643E-02 4
3.00 .3532 3.821 E-02 4
4.00 .3258 5.390E-02 4
Total .2764 .1088 20
Levene's Test of Equality of Error Variances^
Dependent Variable: As
F dfl df2 Sig.
1.549 4 15 .239
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .209® 4 5.219E-02 48.819 .000
Intercept 1.527 1 1.527 1428.688 .000
SAMPLE .209 4 5.219E-02 48.819 .000
Error 1.604E-02 15 1.069E-03
Total 1.752 20
Corrected Total .225 19
a. R Squared = .929 (Adjusted R Squared = .910)
Section C.5a














1.00 .7043 3.990E-02 4
2.00 .7428 4.160E-02 4
2.50 .1993 7.867E-02 4
3.00 .7435 6.983E-02 4
4.00 .7235 .1068 4
Total .6227 .2269 20
Levene's Test of Equality of Error Variances^
Dependent Variable: B
F df1 df2 Sig.
.804 4 15 .541
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .901® 4 225 43.658 .000
Intercept 7.754 1 7.754 1503.692 .000
SAMPLE .901 4 .225 43.658 .000
Error 7.735E-02 15 5.157E-03
Total 8.732 20
Corrected Total .978 19
a. R Squared = .921 (Adjusted R Squared = .900)
Section C.5a














1.00 1.1278 .2048 4
2.00 5.7000 .2077 4
2.50 5.5550 .5198 4
3.00 1.1375 .1112 4
4.00 2.5550 .5426 4
Total 3.2151 2.1154 20
Levene's Test of Equality of Error Variances?
Dependent Variable: Ca
F dfl df2 Sig.
2.606 4 15 .078
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE







Square F ' Sig.
Corrected Model 83.036® 4 20.759 156.765 .000
Intercept 206.731 1 206.731 1561.161 .000
SAMPLE 83.036 4 20.759 156.765 .000
Error 1.986 15 .132
Total 291.753 20
Corrected Total 85.022 19
a. R Squared = .977 (Adjusted R Squared = .970)
Section C.5a














1.00 11.5925 .9836 4
2.00 9.5825 .8336 4
2.50 4.6100 .5187 4
3.00 9.4525 .6284 4
4.00 10.1300 .7763 4
Total 9.0735 2.5124 20
Levene's Test of Equality of Error Variances^
Dependent Variable: K
F df1 df2 Sig.
.402 4 15 804
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 111.148® 4 27.787 47.439 .000
Intercept 1646.568 1 1646.568 2811.050 .000
SAMPLE 111.148 4 27.787 47.439 .000
Error 8.786 15 .586
Total 1766.503 20
Corrected Total 119.935 19
a. R Squared = .927 (Adjusted R Squared = .907)
Section C.5a














1.00 .6225 3.594E-02 4
2.00 .5770 2.242E-02 4
2.50 .1850 9.256E-02 4
3.00 .5160 2.871 E-02 4
4.00 .5215 3.300E-02 4
Total .4844 .1647 20
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Li
F dfl df2 Sig.
2.448 4 15 .091
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design; Intercept+SAMPLE








Corrected Model .479= 4 .120 48.746 .000
Intercept 4.693 1 4.693 1911.711 .000
SAMPLE .479 4 .120 48.746 .000
Error 3.682E-02 15 2.455E-03
Total 5.208 20
Corrected Total .515 19
a. R Squared = .929 (Adjusted R Squared = .910)
Section C.5a














1.00 .1020 2.510E-02 4
2.00 .2460 2.596E-02 4
2.50 .5005 3.885E-02 4
3.00 9.625E-02 3.428E-02 4
4.00 .1520 5.353E-02 4
Total .2194 .1579 20
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Mg
F dfl df2 Sig.
.824 4 15 .530
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model .453= 4 .113 82.592 .000
Intercept .962 1 .962 701.999 .000
SAMPLE .453 4 .113 82.592 ,000
Error 2.056E-02 15 1.371E-03
Total 1.436 20
Corrected Total .473 19
a. R Squared = .957 (Adjusted R Squared = .945)
Section C.5a














1.00 99.5225 6.1351 4
2.00 102.1950 4.4652 4
2.50 28.3975 8.1668 4
3.00 109.4300 4.5102 4
4.00 106.6525 5.2893 4
Total 89.2395 31.8405 20
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Na
F dfl df2 Sig.
.517 4 15 .724
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 18744.812® 4 4686.203 135.759 .000
Intercept 159273.77 1 159273.77 4614.148 .000
SAMPLE 18744.812 4 4686.203 135.759 .000
Error 517.779 15 34.519
Total 178536.36 20
Corrected Total 19262.590 19
a. R Squared = .973 (Adjusted R Squared = .966)
Section C.5a














1.00 59.2875 .8797 4
2.00 70.3200 2.3438 4
2.50 36.1750 4.9020 4
3.00 71.3575 .7066 4
4.00 78.6775 4.3482 4
Total 63.1635 15.4900 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Si
F dfl df2 Sig.
2.655 4 15 .074
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 4409-775® 4 1102.444 110.904 .000
Intercept 79792.555 1 79792.555 8026.993 .000
SAMPLE 4409.775 4 1102.444 110.904 .000
Error 149.108 15 9.941
Total 84351.438 20
Corrected Total 4558.883 19
a. R Squared = .967 (Adjusted R Squared = .959}
Section C.5a














1.00 1.750E-03 9.574E-04 4
2.00 6.250E-03 5.000E-04 4
2.50 5.000E-03 8.165E-04 4
3.00 1.250E-03 5.000E-04 4
4.00 3.000E-03 8.165E-04 4
Total 3.450E-03 2.064Ê-03 20
Levene's Test of Equaiity of Error Variances^ 
Dependent Variable: Sr
F dfl df2 Sig.
.489 4 15 .744
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 7.270E-05® 4 1.818E-05 33.045 .000
Intercept 2.380E-04 1 2.380E-04 432.818 .000
SAMPLE 7.270E-05 4 1.818E-05 33.045 .000
Error 8.250E-06 15 5.500E-07
Total 3.190E-04 20
Corrected Total 8.095E-05 19
a. R Squared = .898 (Adjusted R Squared = .871)
Section C.5a














1.00 4.350E-02 2.307E-02 4
2.00 5.450E-02 3.012E-02 4
2.50 4.500E-02 3.041 E-02 4
3.00 5.800E-02 4.444E-02 4
4.00 8.400E-02 7.836E-02 4
Total 5.700E-02 4.334E-02 20
Levene's Test of Equality of Error Variances^
Dependent Variable: Zn
F dfl df2 Sig.
1.794 4 15 .182
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+SAMPLE








Corrected Model 4.250E-03= 4 1.063E-03 .507 .731
Intercept 6.498E-02 1 6.498E-02 31.002 .000
SAMPLE 4.250E-03 4 1.062E-03 .507 .731
Error 3.144E-02 15 2.096E-03
Total .101 20
Corrected Total 3.569E-02 19
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Oneway ANOVA: Transect A
Warnings
There are fewer than two groups 
for dependent variable Al. No 
statistics are computed.
There are fewer than two groups 













temp 1.00 3 18.9000 4.4227 2.5534 7.9135 29.8865 13.90 22.30
2.00 4 26.8500 4.8645 2.4322 19.1095 34.5905 21.50 31.90
2.10 4 10.9250 .7455 .3728 9.7387 12.1113 10.30 12.00
2.50 4 19.4750 6.2061 3.1031 9.5997 29.3503 11.80 25.90
3.00 3 19.4333 4.4770 2.5848 8.3119 30.5548 14.70 23.60
4.00 2 21.1500 10.8187 7.6500 -76.0525 118.3525 13.50 28.80














pH 1.00 3 6.8367 .3443 .1988 5.9814 7.6919 6.59 7.23
2.00 4 7.0550 .1185 5.923E-02 6.8665 7.2435 6.91 7.20
2.10 4 7.5875 .1959 9.793E-02 7.2759 7.8991 7.33 7.74
2.50 4 8.3425 .1330 6.651 E-02 8.1309 8.5541 8.25 8.54
3.00 3 7.3067 7.767E-02 4.485E-02 7.1137 7.4996 7.22 7.37
4.00 2 7.2850 .3182 .2250 4.4261 10.1439 7.06 7.51
Total 20 7.4470 .5473 .1224 7.1909 7.7031 6.59 8.54
Alk 1.00 3 111.6667 29.2973 16.9148 38.8881 184.4453 90.00 145.00
2.00 4 172.5000 12.0139 6.0069 153.3832 191.6168 160.00 188.00
2.10 4 58.5000 9.8234 4.9117 42.8687 74.1313 47.50 70.00
2.50 4 60.7500 3.3040 1.6520 55.4925 66.0075 57.00 65.00
3.00 3 197.0000 28.7924 16.6233 125.4758 268.5242 177.00 230.00
4.00 2 179.5000 .7071 .5000 173.1469 185.8531 179.00 180.00
Total 20 122.6000 60.3792 13.5012 94.3417 150.8583 47.50 230.00
F 1.00 3 6.6882 .9942 .5740 4.2186 9.1579 6.03 7.83
2.00 4 9.2010 7.419E-02 3.710E-02 9.0829 9.3191 9.12 9.29
2.10 8 5.2592 .7519 .2659 4.6306 5.8878 4.48 6.46
2.50 4 5.2798 .1312 6.560E-02 5.0710 5.4886 5.19 5.47
3.00 3 10.2414 1964 .1134 9.7535 10.7294 10.04 10.43
4.00 2 9.7725 2.507E-02 1.773E-02 9.5472 9.9978 9.75 9.79














Cl 1.00 3 27.5509 4.3004 2.4828 16.8681 38.2336 22.86 31.31
2.00 4 40.6737 3.0705 1.5352 35.7879 45.5595 38.67 45.24
2.10 8 26.9004 3.8138 1.3484 23.7120 30.0887 23.56 35.58
2.50 4 26.6929 2.5362 1.2681 22.6572 30.7286 24.08 30.11
3.00 3 43.6732 3.3859 1.9549 35.2621 52.0843 41.31 47.55
4.00 2 40.9465 .9469 .6696 32.4390 49.4539 40.28 41.62
Total 24 32.5098 7.9506 1.6229 29.1525 35.8670 22.86 47.55
sulfate 1.00 3 7.9865 2.5776 1.4882 1.5835 14.3895 5.09 10.02
2.00 4 7.6966 1.5592 .7796 5.2155 10.1776 5.73 9.22
2.10 4 6.7953 .7072 .3536 5.6699 7.9207 5.82 7.40
2.50 3 1.9251 3.3343 1.9251 -6.3579 10.2080 .00 5.78
3.00 3 8.9703 1.1580 .6685 6.0938 11.8468 7.74 10.04
4.00 2 9.2786 1.4528 1.0273 -3.7744 22.3316 8.25 10.31
Total 19 7.0090 2.9196 .6698 5.6018 8.4162 .00 10.31
As 1.00 2 .1640 5.657E-03 4.000E-03 .1132 .2148 .16 .17
2.00 4 .2718 1.841 E-02 9.205E-03 .2425 .3010 .26 .30
2.10 8 .1373 3.091 E-02 1.093E-02 .1114 .1631 .10 .20
2.50 4 1490 2.677E-02 1.339E-02 .1064 .1916 .12 .19
3.00 3 .3847 9.450E-02 5.456E-02 .1499 .6194 .28 .47
4.00 2 .2665 2.121E-03 1 500E-03 2474 .2856 .27 .27
















B 1.00 2 .5200 8.485E-02 6.000E-02 -.2424 1.2824 .46 .58
2.00 4 .7160 4.528E-02 2.264E-02 .6439 .7881 .67 .78
2.10 8 .3174 3.141E-02 1.111E-02 .2911 .3436 .25 .35
2.50 4 .3090 .1002 5.011E-02 .1495 .4685 .17 .40
3.00 3 .6767 .2223 .1284 .1244 1.2290 .42 .81
4.00 2 .7700 5.657E-02 4.000E-02 .2618 1.2782 .73 .81
Total 23 .4891 .2121 4.422E-02 .3974 .5808 .17 .81
Ba 1.00 1 1.700E-02 .02 .02
2.00 0
2.10 2 1.500E-02 2.828E-03 2.000E-03 -1.04E-02 4.041 E-02 .01 .02
2.50 0
3.00 3 2.667E-02 1 026E-02 5.925E-03 1.171E-03 5.216E-02 .02 .04
4.00 2 2.150E-02 1.344E-02 9.500E-03 -9.92E-02 .1422 .01 .03
Total 8 2.125E-02 9.130E-03 3.228E-03 1.362E-02 2.888E-02 .01 .04
Ca 1.00 2 5.9100 2.4183 1.7100 -15.8176 27.6376 4.20 7.62
2.00 4 7.5400 .4041 .2020 6.8970 8.1830 7.26 8.14
2.10 8 5.5125 .1855 6.559E-02 5.3574 5.6676 5.15 5,80
2.50 4 4.7250 .3143 .1571 4.2249 5.2251 4.48 5.18
3.00 3 17.3400 6.1762 3.5658 1.9975 32.6825 12.48 24.29
4.00 2 12.7000 2.3900 1.6900 -8.7735 34.1735 11.01 14.39














K 1.00 2 8.6700 .9758 .6900 -9.73E-02 17.4373 7.98 9.36
2.00 4 9.9125 .5341 .2671 9.0626 10.7624 9.28 10.56
2.10 8 5.8925 .4961 .1754 5.4778 6.3072 5.23 6.59
2.50 4 5.9175 .4061 .2030 5.2714 6.5636 5.55 6.48
3.00 3 9.3567 .5486 .3167 7.9939 10.7194 8.73 9.75
4.00 2 8.9150 7.778E-02 5.500E-02 8.2162 9.6138 8.86 8.97
Total 23 7.5522 1.8540 .3866 6.7504 8.3539 5.23 10.56
LI 1 00 2 .3450 4.950E-02 3.500E-02 -9.97E-02 .7897 .31 .38
2.00 4 .4885 2.959E-02 1.480E-02 .4414 .5356 .46 53
2.10 8 .3036 2.297E-02 8.120E-03 .2844 .3228 .26 .33
2.50 4 .3145 .1037 5.184E-02 .1495 .4795 .18 .43
3.00 3 .3500 .3041 .1756 -.4055 1.1055 .00 .55
4.00 2 .5100. 2.828E-02 2.000E-02 .2559 .7641 .49 .53
Total 23 .3653 .1300 2.710E-02 .3091 .4215 .00 .55
Mg 1.00 3 .3457 .2542 .1468 -.2858 .9772 .11 .61
2.00 4 .2280 8.251 E-02 4.126E-02 9.670E-02 .3593 .16 33
2.10 8 .4974 3.264E-02 1.154E-02 .4701 5247 .46 .55
2.50 4 .4918 4.472E-02 2.236E-02 .4206 .5629 .46 .56
3.00 3 .7683 .2324 .1342 .1910 1.3456 .59 1 03
4.00 2 .4240 9.192E-02 6.500E-02 -.4019 1.2499 .36 49














Mn 1.00 2 5.250E-02 6.576E-02 4.650E-02 -5383 .8433 .01 .10
2.00 4 1.250E-02 4.435E-03 2.217E-03 5.443E-03 1.956E-02 .01 .02
2 10 0
2.50 0
3.00 3 .1233 9.158E-02 5.287E-02 -1042 .3508 .03 .22
4.00 2 8.450E-02 5.303E-02 3.750E-02 -.3920 .5610 .05 .12
Total 11 6.309E-02 6.800E-02 2.050E-02 1.741E-02 .1088 .01 .22
Na 1.00 3 48.3897 42.0080 24.2533 -55.9640 152.7434 .57 79.34
2.00 4 101.9425 5.0243 2.5122 93.9477 109.9373 97.85 109.18
2.10 8 43.2063 2.3009 .8135 41.2827 45.1298 39.47 45.97
2.50 4 44.3200 2.2768 1.1384 40.6972 47.9428 42.09 47.50
3.00 3 110.1133 3.5949 2.0755 101.1831 119.0435 106.25 113.36
4.00 2 105.2000 2.1213 1.5000 86.1407 124.2593 103.70 106.70














Si 1.00 2 62.6500 .2121 .1500 60.7441 64.5559 62.50 62.80
2.00 4 84.4775 1.6244 .8122 81.8927 87.0623 83.50 86.90
2.10 8 38.1388 2.4024 8494 36.1303 40.1472 32.82 39.94
2.50 4 40.8700 13.2787 6.6393 19.7406 61.9994 22.28 53.80
3.00 2 56.5000 1.6971 1.2000 41.2526 71.7474 55.30 57.70
4.00 2 62.1000 1.5556 1.1000 48.1232 76.0768 61.00 63.20
Total 22 53.1364 18.6156 3.9689 44.8827 61.3900 22.28 86.90
Sr 1.00 2 7.500E-03 3.536E-03 2.500E-03 -2.43E-02 3.927E-02 .01 .01
2.00 4 7.500E-03 1.291E-03 6.455E-04 5.446E-03 9.554E-03 .01 .01
2.10 6 5.667E-03 5.164E-04 2.108E-04 5.125E-03 6.209E-03 .01 .01
2.50 3 5.333E-03 5.774E-04 3.333E-04 3.899E-03 6.768E-03 .01 .01
3.00 3 2.200E-02 8.888E-03 5.132E-03 -7.95E-05 4.408E-02 .02 .03
4.00 2 1.350E-02 3.536E-03 2.500E-03 -1.83E-02 4.527E-02 .01 .02
Total 20 9400E-03 6.707E-03 1.500E-03 6.261 E-03 1.254E-02 .01 .03
Section C.6a
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
temp 5.181 5 14 007
PH 3.273 5 14 .036
Alk 6.042 5 14 .003
F 9.368 5 18 .000
Cl .499 5 18 773
sulfate 3.507 5 13 .032
As 4.418 5 17 .009
B 6.972 5 17 .001
Ba 3.352 3 4 .137
Ca 14.469 5 17 .000
K 1.793 5 17 .168 .
Li 10.485 5 17 .000
Mg 5.637 5 18 .003
Mn 2.975 3 7 .106
Na 15.941 5 18 .000
Si 3.364 5 16 029






temp Between Groups 516.069 5 103.214 3.759 .023










pH Between Groups 5.130 5 1.026 25.623 .000
Within Groups .561 14 4.005E-02
Total 5.691 19
Alk Between Groups 65136.883 5 13027.377 44.156 .000
Within Groups 4130.417 14 295.030
Total 69267.300 19
F Between Groups 102.417 5 20.483 60.636 .000
Within Groups 6.081 18 .338
Total 108.498 23
Cl Between Groups 1243.664 5 248.733 21.299 000
Within Groups 210.207 18 11.678
Total 1453.870 23
sulfate Between Groups 104.321 5 20.864 5.523 006
Within Groups 49.109 13 3.778
Total 153.431 18
As Between Groups 175 5 3.491 E-02 21.386 000
Within Groups 2.775E-02 17 1.633E-03
Total .202 22
B Between Groups .837 5 167 18.663 .000
Within Groups .152 17 8.968E-03
Total .989 22
Ba Between Groups 1.843E-04 5 3.687E-05 .185 .944









Ca Between Groups 407.762 5 81.552 15.599 .000
Within Groups 88.878 17 5.228
Total 496.639 22
K Between Groups 70.992 5 14.198 52.094 000
Within Groups 4.633 17 .273
Total 75.625 22
Li Between Groups .145 5 2.897E-02 2.172 .106
Within Groups 227 17 1.334E-02
Total .372 22
Mg Between Groups .558 5 .112 7.178 .001
Within Groups .280 18 1.553E-02
Total .837 23
Mn Between Groups 2.227E-02 5 4.453E-03 .929 .531
Within Groups 2.397E-02 5 4.794E-03
Total 4623E-02 10
Na Between Groups 21001.287 5 4200.257 20.500 000
Within Groups 3688.034 18 204.891
Total 24689.321 23
Si Between Groups 6694.690 5 1338.938 36.769 .000
Within Groups 582.633 16 36.415
Total 7277.323 21
Sr Between Groups 6.648E-04 5 1.330E-04 9.797 .000
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temp 1.00 4 16.1000 3.3784 1.6892 10.7243 21.4757 12.10 18.90
2.00 4 24.7500 3.5501 1.7751 19.1010 30.3990 20.00 27.80
2.10 4 14.0250 .6185 .3092 13.0409 15.0091 13.50 14.90
2.50 3 18.4667 2.9143 1.6826 11.2271 25.7063 16.40 21.80
3.00 4 27.1000 4.2403 2.1201 20.3528 33.8472 20.90 30.40
4.00 4 24.5500 5.1124 2.5562 16.4150 32.6850 19.00 31.10
Total 23 20.9348 5.9842 1.2478 18.3470 23.5225 12.10 31.10
pH 1.00 4 7.0700 .2077 .1038 6.7395 7.4005 6.82 7.29
2.00 4 7.0525 .1533 7.663E-02 6.8086 7.2964 6.86 7.23
2.10 4 7.5450 7.767E-02 3.884E-02 7.4214 7.6686 7.45 7.64
2.50 3 8.2733 .2363 .1364 7.6864 8.8603 8.09 8.54
3.00 4 7.0275 .2155 .1077 6.6846 7.3704 6.79 7.26
4.00 4 7.1550 .2711 .1356 6.7236 7.5864 6.96 7.54
















Alk 1.00 4 81.2500 9.5000 4.7500 66.1334 96.3666 74.00 95.00
2 00 4 146.5000 9.5743 4.7871 131.2652 161.7348 138.00 160.00
2.10 4 132.5000 9.3541 4.6771 117.6155 147.3845 122.50 145.00
2.50 4 64.7500 6.9462 3.4731 53.6970 75.8030 60.00 75.00
3.00 4 172.7500 14.8857 7.4428 149.0636 196.4364 164.00 195.00
4.00 4 161.2500 1.2583 .6292 159.2478 163.2522 160.00 163.00
Total 24 126.5000 41.8047 8.5333 108.8474 144.1526 60.00 195.00
F 1.00 4 4.3713 .6629 3315 3.3165 5.4262 3.84 5.32
2.00 4 7.6197 .2830 .1415 7.1694 8.0699 7.30 7.98
2.10 8 8.1797 1.0636 3761 7.2905 9.0689 6.91 10.41
2.50 4 5.3218 .2212 .1106 4.9698 5.6739 5.18 5.64
3.00 4 9.0182 6411 .3206 7.9980 10.0384 8.21 9.65
4.00 4 9.2280 .1580 7.898E-02 8.9766 9.4794 9.05 9.37
Total 28 7.4169 1.8638 .3522 6.6942 8.1396 3.84 10.41
Cl 1.00 4 21.6746 2.5254 1.2627 17.6561 25.6931 19.44 24.56
2 00 4 37.6706 3.1432 1.5716 32.6691 42.6722 35.62 42.29
2.10 8 39.2283 5.9244 2.0946 34.2754 44.1812 33.10 51.23
2.50 4 27.0386 2.1888 1.0944 23.5557 30.5215 24.53 29.62
3.00 4 37.8424 2.8297 1.4149 33.3397 42.3452 35.54 41.97
4.00 4 38.6524 2.9161 1.4580 34.0122 43.2925 36.47 42.95
















N 1.00 3 .1660 4.518E-02 2.608E-02 5.372E-02 .2782 .14 .22
2.00 0




Total 6 .1614 3.027E-02 1.236E-02 .1297 .1932 .14 .22
sulfate 1.00 4 7.1131 .7173 .3587 5.9717 8.2546 6.29 7.96
2.00 4 7.9405 .3405 .1702 7.3987 8.4822 7.58 8.27
2.10 8 9.3444 1.2280 .4342 8.3178 10.3711 8.40 11.99
2.50 1 5.9309 5.93 5.93
3.00 1 5.8348 5.83 5.83
4.00 4 8.7729 .4494 .2247 8.0578 9.4879 8.41 9.42
Total 22 8.2649 1.3886 .2960 7.6492 8.8805 5.83 11.99
As 1.00 4 .1470 3.912E-02 1.956E-02 8.476E-02 .2092 11, .20
2.00 4 .2420 2.628E-02 1.314E-02 .2002 .2838 .22 .27
2.10 8 .2723 2.944E-02 1.041 E-02 .2476 .2969 .23 .32
2.50 4 .1563 2.815E-02 1.407E-02 .1115 .2010 .13 .20
3.00 4 .3488 1679 8.395E-02 8.159E-02 .6159 .25 .60
4.00 4 .3123 1.652E-02 8.260E-03 .2860 .3385 .29 .33














B 1.00 4 .3398 4.726E-02 2.363E-02 .2645 .4150 .29 .40
2.00 4 .6320 3.468E-02 1.734E-02 .5768 .6872 .60 .68
2.10 8 .6216 3.846E-02 1.360E-02 .5895 .6538 .54 .66
2.50 4 .4325 .1855 9.277E-02 .1373 .7277 .33 .71
3.00 4 .6915 9.782E-02 4.891 E-02 .5358 .8472 .59 .82
4.00 4 .7175 5.737E-02 2.869E-02 .6262 .8088 .65 .79




1 1.300E-02 .01 .01
2.10 5 2.140E-02 1.133E-02 5.066E-03 7.336E-03 3.546E-02 .01 .03
2.50 G
3.00 1 3.500E-02 .04 .04
4.00 1 1.600E-02 .02 .02
Total 8 2.138E-02 1.068E-02 3.775E-03 1.245E-02 3.030E-02 .01 .04
Ca 1.00 4 3.0125 .3673 1836 2.4281 3.5969 2.60 3.47
2.00 4 6.3775 .3494 .1747 5.8215 6.9335 6.07 6.89
2.10 8 8.6188 .3759 .1329 8.3045 8.9330 8.04 9.16
2.50 4 4.7350 .1725 8.627E-02 4.4605 5.0095 4.61 4.99
3.00 4 9.1175 1.1638 .5819 7.2656 10.9694 7.94 10.52
4.00 4 8.2000 2.0194 1.0097 4.9866 11.4134 6.70 11.16

















2.00 3 .1360 3.995E-02 2.307E-02 3.676E-02 .2352 .11 .18
2.10 0
2.50 0
3.00 4 .3880 .1919 9.597E-02 8.259E-02 6934 .10 .52
4.00 4 .1713 3.970E-02 1.985E-02 .1081 .2344 .13 .22
Total 11 2405 .1604 4.837E-02 1327 .3482 .10 .52
K 1.00 4 6.9625 .3998 .1999 6.3264 7.5986 6.52 7.45
2.00 4 9.2300 .8277 .4139 7.9129 10.5471 8.61 10.42
2.10 8 8.6050 .5538 .1958 8.1420 9.0680 7.96 9.53
2.50 4 5.8850 .3816 1908 5.2778 6.4922 5.62 6.45
3.00 4 9.0900 .8840 4420 7.6833 10.4967 8.06 10.22
4.00 4 9.3000 1.0537 .5268 7.6234 10.9766 8.41 10.63
Total 28 8.2396 1.3861 .2620 7.7022 8.7771 5.62 10.63
ü  1.00 4 .3082 3.042E-02 1,521 E-02 .2598 .3567 .28 .35
2.00 4 .4643 1.261 E-02 6.303E-03 .4442 .4843 .45 .48
2.10 8 .4431 1.668E-02 5.896E-03 .4292 .4571 .42 .47
2.50 4 4373 .1838 9.189E-02 .1448 .7297 .32 .71
3.00 4 .4855 5.658E-02 2.829E-Û2 .3955 .5755 .45 .57
4.00 4 .4900 4.830E-02 2.415E-02 .4131 .5669 .45 .56















Mg 1.00 4 3105 5.613E-02 2.806E-02 .2212 .3998 .24 .36
2.00 4 .3223 1.684E-02 8.420E-03 .2955 .3490 .30 .33
2.10 8 .2854 9.174E-02 3.244E-02 2087 .3621 .21 .48
2.50 4 .4780 4.925E-02 2.463E-02 .3996 5564 .44 .55
3.00 4 .2985 1446 7.232E-02 6.834E-02 5287 .21 .52
4.00 4 .3750 3694 .1847 -.2129 .9629 .16 .93
Total 28 .3364 1569 2.966E-02 2756 .3973 .16 .93
Mn 1.00 2 9.500E-03 4.950E-03 3.500E-03 -3.50E-02 5.397E-02 .01 .01
2.00 4 8.325E-02 2.551 E-02 1.276E-02 4.265E-02 .1238 .06 .12
2.10 0
2.50 0
3.00 4 .3440 4.938E-02 2.469E-02 .2654 .4226 .29 .41
4.00 4 5.750E-02 2.525E-02 1.263E-02 1.732E-02 9.768E-02 .03 .08
Total 14 .1399 1392 3.720E-02 5.950E-02 .2202 .01 .41
Na 1.00 4 51.2525 4.8657 2.4329 43.5100 58.9950 47.15 58.15
2.00 4 89.8025 6.4962 3.2481 79.4655 100.1395 86.02 99.53
2.10 8 96.1763 7.7709 2.7474 89.6796 102.6729 86.05 109.45
2.50 4 44.8625 1.9585 .9793 41.7460 47.9790 42.90 47.42
3.00 4 102.2275 9.9270 4.9635 86.4314 118.0236 90.38 114.39
4.00 4 100.4950 6.1171 3.0586 90.7613 110.2287 93.59 105.71















SI 1.00 4 48.6700 2.7775 1.3887 44.2504 53.0896 46.90 52.80
2.00 4 71.5950 1.2171 6086 69.6583 73.5317 70.10 73.00
2.10 8 75.9863 4.4066 1.5580 72.3022 79.6703 68.10 80.45
2.50 4 56.0150 23.4249 11.7125 18.7407 93.2893 42.80 91.06
3.00 4 81.1575 4.1905 2.0952 74.4896 87.8254 76.33 86.40
4.00 4 74.7500 2.7502 1.3751 70.3739 79.1261 72.00 78.30
Total 28 69.1657 14.0803 2.6609 63.7060 74.6255 42.80 91.06
Sr 1.00 4 4.500E-03 1.291E-03 6.455E-04 2.446E-03 6.554E-03 .00 .01
2.00 4 7.750E-03 9.574E-04 4.787E-04 6.227E-03 9.273E-03 .01 .01
2.10 8 8.125E-03 9.910E-04 3.504E-04 7.296E-03 8.954E-03 .01 .01
2.50 4 4.500E-03 1.000E-03 5.000E-04 2.909E-03 6.091E-03 .00 .01
3.00 4 1.150E-02 1.291E-03 6.455E-04 9.446E-03 1.355E-02 .01 .01
4.00 4 9.500E-03 3.109E-03 1.555E-03 4.553E-03 1.445E-02 .01 .01
Total 28 7.714E-03 2.760E-03 5.216E-04 6.644E-03 8.785E-03 .00 .01
OnO
Section C.7a
Test of Homogeneity of Variances®
Levene
Statistic dfl df2 Sig.
temp 1.672 5 17 195
pH 1.309 5 17 307
Alk 1.597 5 18 .212
F 2.272 5 22 .083
Cl 1747 5 22 166
N 6.887 1 4 059
sulfate 1.892 5 16 152
As 6.283 5 22 001
8 3.782 5 22 .013
Ca 5.792 5 22 001
Fe 4.055 2 8 .061
K 1.361 5 22 .277
LI • 6.234 5 22 .001
Mg 5.703 5 22 .002
Mn 1.869 3 10 199
Na 1.366 5 22 .275
SI 7.291 5 22 .000
Sr 2.323 5 22 .077
a. Test of homogeneity of variances cannot be performed for Ba because only one group has a computed variance.
ANOVA
Sum of Mean
Squares df Square F Sig.
temp Between Groups 565.298 5 113.060 8.637 000








temp Total 787.832 22
pH Between Groups 3.916 5 .783 19.310 .000
Within Groups .689 17 4.055E-02
Total 4.605 22
Alk Between Groups 38573.000 5 7714.600 85.586 .000
Within Groups 1622.500 18 90.139
Total 40195.500 23
F Between Groups 82.855 5 16.571 33.345 .000
Within Groups 10.933 22 .497
Total 93.787 27
Cl Between Groups 1213.363 5 242.673 14.898 .000
Within Groups 358.366 22 16.289
Total 1571.729 27
N Between Groups 1.229E-04 5 2.459E-05
Within Groups .000 0
Total 4.582E-03 5
sulfate Between Groups 27.436 5 5.487 6.726 .001
Within Groups 13.054 16 .816
Total 40.490 21
As Between Groups .136 5 2.726E-02 5.969 .001
Within Groups .100 22 4.568E-03
Total .237 27
B Between Groups .468 5 9.359E-02 12.669 .000









Ba Between Groups 2.847E-04 5 5.694E-05 .222 .924
Within Groups 5.132E-04 2 2.566E-04
Total 7.979E-04 7
Ca Between Groups 130.271 5 26.054 31.586 .000
Within Groups 18.147 22 .825
Total 148.418 27
Fe Between Groups 139 5 2.779E-02 1.173 .433
Within Groups .118 5 2.369E-02
Total .257 10
K Between Groups 41.083 5 8.217 16.746 .000
Within Groups 10.794 22 .491
Total 51.877 27
Li Between Groups 9.013E-02 5 1.803E-02 3.221 .025
Within Groups .123 22 5.597E-03
Total .213 27
Mg Between Groups .116 5 2.324E-02 .932 .479
Within Groups 549 22 2.494E-02
Total .665 27
Mn Between Groups .241 5 4.813E-02 34.363 .000
Within Groups 1 120E-02 8 1.401 E-03
Total .252 13
Na Between Groups 14126.582 5 2825.316 59.781 .000









Si Between Groups 3467.774 5 693.555 8.094 000
Within Groups 1885.068 22 85.685
Total 5352.843 27
Sr Between Groups 1.541E-04 5 3.082E-05 13.133 .000
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Appendix D: Quality Assurance/Quality Control
Blanks, duplicates, spikes, and standards were analyzed to ensure that QA/QC 
standards were met.
Blanks: Field and laboratoiy blanks (10%) were analyzed each month. For the cation 
blanks, Al, As, B, Ba, Fe, Li, Mn, and Sr were all below their detection limits. Ca, Na, 
and 2n were slightly above their detection limits. K, Mg, and Si were above their 
detection limits in the September sample only.
Duplicates: Field and laboratory duplicates (10%) were analyzed each month. The high 
% differences are due to very low concentrations.
Spikes: Two 1:10 anion spikes were analyzed each month. Spike recovery ranges 
between 83% and 112%.
Standards: The USGS T-143 cation standard was analyzed at XRAL laboratories. Most 
of the constituents fell within the acceptable range of values. Only Ca, Sr, and Zn were 
slightly high. The Ca concentration in this standard has been consistently higher when 
analyzed in other labs. The QC-SPEX standard was analyzed on the Ion Chromatograph 





Date Al As B Ba
ppm ppm ppm ppm
Field blanks
980822 <0.05 <0.03 <0.02 <0.01
980919 <0.05 <0.03 <0.02 <0.01
981024 <0.05 <0.03 <0.02 <0.01
Anions
Date F Cl N in Nitrate Sulfate
mg/L mg/L mg/L mg/L
Lab blanks
980723 0 0 0 0.00 0.00 0.00
980723 0.00 5.49 0.00 0.00
980723 0.00 0.00 0.00 0.00
980822 0.00 3.66 0.00 1.35
980919 -0.21 0.47 0.00 1.21
980925 0.00 0.00 0.00 0.00
981024 0.00 2.62 0.00 0.00
Field blanks
980822 0.38 3.72 0.01 1.26
980919 0.13 1.52 -O il 1.33
981024 0.00 2.63 0.00 0.00
Alkalinity
Date (mg/L CaCO))




Ca Fe K Li Mg Mn Na Si Sr
ppm ppm ppm ppm








Sample Alkalinity F Cl N in Nitrate Sulfate As B Ca K Li Mg Na Si Sr Zn
mg/L CaCOa mg/L mg/L mg/L mg/L ppm ppm ppm ppm ppm ppm ppm ppm ppm ppb
980721 Cl 7.21 47.39 0.22 8.31
980721.Cl lab dup 7.47 47.96 0.21 7.89
% difference 3.5% 1 .2% 4.4% 5.2%
980721.C2 8.18 46.76 0.14 9.81 0.296 0.8 5.62 9.59 0.61 0.227 101.05 73.7 0.006 0.082
980721.C2 field dup 8.23 46.67 0.13 9.95 0.317 0.82 5.83 9 71 0.58 0.236 99.20 74.7 0.006 0.052
% difference 0.7% 0 .2% 7.1% 1.5% 7% 2% 4% 1% 5% 4% 2% 1% 0% 45%
980721.ISC-C 4.66 21.44 0.00 5.08 0.095 0.31 4.98 5.25 0.32 0.489 40.15 43 0.005 0.062
980721.ISC-C field dup 4.58 20.30 0.02 5.08 0.138 0.3 4.80 5.17 0.31 0.467 39.14 42.8 0.005 0.007
% difference 1.9% 5.5% 2 0 0 .0 % 0 .1% 37% 3% 4% 2 % 3% 5% 3% 0 % 0% 159%
980822.A2 175.0 9.23 45.24 0.04 5.73 0.259 0.7 7.26 9.77 0.46 0.158 99.46 83.5 0.006 0.014
980822.A2 field dup 165.5 9.16 45.17 0.05 6.68 0.269 0.7 7.45 9.95 0.47 0.198 101.37 81.6 0.007 0.015
% difference 6% 0 .8% 0 .2% 29.2% 15.3% 4% 0 % 3% 2% 2% 2 2% 2 % 2% 15% 7%
980822.A2 9.23 45.24 0.04 5.73
980822.A2 lab dup 9.10 44.87 0.04 5.69
% difference 1.4% 0 .8% 5.4% 0.7%
980822.ISC-B 59.5 5.64 29.62 0.00 4.80 0.134 0.33 4.68 5.62 0.32 0.468 43.88 43.5 0.004 0.021
980822.ISC-B field dup 60.5 5.08 29.58 0.00 4.76 0.145 0.33 4.63 5.60 0.32 0.453 43.98 42.9 0.004 0.020
% difference 2% 10.5% 0 .1% 0 .8% 8% 0% 1% 0% 0% 3% 0 % 1% 0 % 5%
980822.ISC-B 5.64 29.62 0.00 4.80
980822.ISC-B lab dup 5.64 29.60 0.01 4.77
% difference 0 .0% 0 .1% 2 0 0 .0 % 0.5%
<1o
Duplicates
Sample Alkalinity F Cl N in Nitrate Sulfate As B Ca K Li Mg Na Si Sr Zn
mg/L CaCO) mg/L mg/L mg/L mg/L ppm ppm ppm ppm ppm ppm ppm ppm ppm ppb
980919.B1 73.5 3.84 19.44 0.22 6.84 0.136 0.32 2.60 6.52 0.28 0.238 47.15 47.2 0.003 0.137
980919.B1 field dup 72.0 3.56 18.88 0.05 6.37 0.145 0.35 3.26 6.54 0.3 0.330 51.32 48.4 0.004 0.150
% difference 2% 7.7% 2.9% 129.8% 7.1% 6 % 9% 23% 0 % 7% 32% 8% 3% 29% 9%
980919.C3 9.72 40.19 0.00 8.63
980919.C31abdup 10.01 40.28 0.00 8.76
% difference 3.0% 0 .2% 1.5%
980919.ISC-B 60.0 5.18 24.53 -0.14 4.74 0.142 0.33 4.61 5.77 0.33 0.453 42.90 42.8 0.004 0.072
980919.ISC-B field dup 59.0 5.32 25.21 -0.08 4.70 0.135 0.34 4.55 5.50 0.31 0.480 42.38 43.2 0.005 0.087
% difference 7% 2 .8% 2.7% -56.5% 0.9% 5% 3% 1% 5% 6% 6 % 1% 1% 2 2% 19%
980925.PB3 7.76 36.18 0.08 8.62
980925.PB3 lab dup 7.84 36.52 0.08 8.60
% difference 1 .0% 0.9% 3.5% 0.3%
981024.PA1 5.42 23.56 0.06 5.82
981024.PA 1 lab dup 5.32 23.61 0.06 5.96
% difference 2% 0% 4% 2 %
981024-C3 164.0 9.53 40.56 0 9.54 0.348 0.664 1.06 10.39 0.514 0.082 112.12 70.83 0.002 0.069
981024-C3 field dup 165.5 9.51 40.57 0 9.72 0.323 0.665 1.02 10.25 0.517 <0.05 111.12 72.39 0.001 0.038
% difference 1% 0 % 0 % 2 % 7% 0% 4% 1% 1% 1% 2% 67% 58%
981024-ISC-A 60.5 5.19 26.77 0.03 5.78 0.185 0.166 5.18 6.48 0.178 0.558 47.50 22.28 0.006 0.161
981024-ISC-A field dup 59.0 5.10 26.89 0.03 5.37 0.164 0.313 4.96 6.54 0.341 0.527 46.73 42.32 0.005 0.057
% difference 3% 2% 0% 10% 7% 1 2% 61% 4% 1% 63% 6 % 2% 62% 18% 95%
981024.ISC-A 5.19 26.77 0.03 5.78
981024.ISC-A lab dup 5.23 26.81 0.03 5.72
% difference 1% 0 % 5% 1%
Spikes
Sample F Cl N in Nitrate Sulfate
mg/L mg/L mg/L mg/L
98072 l.Bl 4.01 23.03 0.14 6.29
98072l.Bl spike 5.75 49.46 0.41 15.15
% spike recovery 105% 98% 105% 95%
98072 l.Al 7.83 31.31 0.00 5.09
980721. A1 spike 9.13 57.83 0.23 14.20
% spike recovery 10 2% 101% 8 6% 96%
980822.ISC-C 4.20 18.82 0.02 5.49
980822.ISC-C spike 6.00 46.52 0.26 14.10
% spike recovery 11 1% 99% 97% 92%
980822.B1 5.32 24.56 0.14 7.36
980822.B1 spike 6.50 51.72 0.37 16.01
% spike recovery 8 6% 99% 1 0 0% 94%
980919.ISC-B 5.18 24.53 -0.14 4.74
980919.ISC-B spike 7.30 52.47 0.15 13.22
% spike recovery 132% 1 0 1% 1 1 2% 90%
980925.PA3 4.67 25.26 0.03 4.49
980925.PA3 spike 6.39 52.35 0.25 12.90
% spike recovery 1 10% 99% 91% 89%
981024.ISC-A 5.19 26.77 0.03 5.78
981024.ISC-A spike 6.70 53.94 0.23 14.30
% spike recovery 1 0 2% 99% 83% 91%
981024.B3 8.21 36.79 0.05 5.83
981024.B3 spike 9.55 63.15 0.26 14.53
% spike recovery 108% 100% 87% 93%
K>
Standards
USGS T143 B Ba Ca Fe K Li Mg Mn Na Si Sr Zn
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Actual Value 0.035 0.082 53.7 0.222 2.5 0.018 10.4 0.0182 34 10 0.203 0.01
Range ±0.0104 ±0.009 ±4.4 ±0.028 ±0.42 ±0.0042 ± 1 ±0.0038 ±3.2 ±1.64 ±0.03 0.0044
Sample Analyzed 0.05 0.077 59.0 0.229 2.65 0.01 10.7 0.018 33.69 10.94 0.306 0.02
Al and As are below the detection limit
Sample F Cl N in Nitrate Sulfate
Actual Value 3.0 30.0 5.0 30.0
Range 2.53-3.38 27.38-32.05 4.16-5.67 24.73-35.69
980723.QC Spex 2.87 27.81 5.04 ' 29.32
980825.QC Spex 2.76 32.54 5.35 29.28
980919.QC-Spex 2.74 27.86 5.18 28.51
980925.QC-Spex 2.78 28.83 5,48 28.64
981024.QC-Spex 2.79 28.64 4.90 31.97
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Appendix E: Water chemistry and statistical data for peeper boxes
Section E.l contains a table of water measurements and analyses for the peeper boxes.
Section E.2 contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on Peeper Box A and B in September.
Section E.3 contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on Peeper Box A and B in October.
Section E.4 contains the results of Levene’s test for homogeneity of variance and results 
of analysis of variance (ANOVA) tests on Peeper Box A: variability with depth.
Section E.5 contains the results of Levene’s test for homogeneity of variance and results 





















temperature (°C) pH Alkalinity (mg/L CaCO]) F (mg/L) Cl (mg/L) N in NO3 (mg/L) Sulfate (mg/L)
depth 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024
2  cm n.m. 12.0 n.m. 7.74 n.m. 54 4.48 5.42 24.83 23.56 <0.125 <0.125 <5.00 5.82
4 cm n.m. 10.6 n.m. 7.74 n.m. 70 4.64 5.89 25.38 26.22 <0.125 <0.125 <5.00 6.73
6  cm n.m. 10.8 n.m. 7.54 n.m. 62.5 4.67 6.46 25.26 28.82 <0.125 <0.125 <5.00 7.40
8  cm n.m. 10.3 n.m. 7.33 n.m. 47.5 4.65 5.87 25.55 35.58 <0.125 <0.125 <5.00 7.23
2 cm n.m. 14.9 n.m. 7.54 n.m. 122.5 7.69 6.91 36.09 33.10 <0.125 <0.125 8.58 8.40
4 cm n.m. 14.0 n.m. 7.45 n.m. 132.5 7.65 10.41 35.83 51.23 <0.125 0.17 8.64 11.99
6  cm n m. 13.7 n.m. 7.55 n.m. 130 7.76 8.62 36.18 43.76 <0.125 0.15 8.62 9.90
8  cm n.m. 13.5 n.m. 7.64 n.m. 145 7.73 8.66 36.31 41.32 <0.125 0.14 8.70 9.93
Al (ppm) As (ppm) B (ppm) Ba (ppm) Ca (ppm) K(ppm) Li (ppm)
depth 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024
2  cm <0.05 0.053 0.114 0.104 0.34 0.251 0.017 < 0 0 1 5.56 5.15 5.23 5.86 0.29 0.258
4 cm 0.141 <0.05 0.138 0.162 0.33 0.303 0.013 <0.01 5.62 5.41 5.66 6.59 0.29 0.318
6  cm <0.05 <0.05 0.112 0.149 0.34 0.313 <0.01 <0.01 5.54 5.54 5.44 6.43 0.32 0.328
8  cm 0.14 <0.05 0.123 0.196 0.35 0.312 <0.01 <0.01 5.48 5.8 5.62 6.31 0.31 0.315
2  cm <0.05 <0.05 0.26 0.284 0.61 0.539 0.01 <0.01 8.47 8.04 7.96 8.45 0.43 0.42
4 cm 1.22 <0.05 0.243 0.303 0.64 0.603 0.017 <0.01 9.03 8.6 8.9 9.53 0.43 0.46
6  cm <0.05 <0.05 0.23 0.315 0.63 0.649 <0.01 0.033 8.42 8.87 8.03 8.85 0.44 0.465
8  cm 0.082 <0.05 0.258 0.285 0.66 0.642 0.013 0.034 8.36 9.16 8.13 8.99 0 44 0.46
Mg (ppm) Na (ppm) Si (ppm) Sr (ppm) Zn (ppm)
Peeper Box depth 980925 981024 980925 981024 980925 981024 980925 981024 980925 981024
A 2 cm 0.466 0.506 41.61 39.47 36.9 32.82 0.004 0.006 0.040 0.045
A 4 cm 0.47 0.517 42.59 45.56 38.4 39.94 0.005 0.006 OUI 0.045
A 6  cm 0.455 0.531 41.9 45.5 38 39.67 0.004 0.006 0.045 0.023
A 8  cm 0.489 0.545 43.05 45.97 39.9 39.48 0.005 0.006 0.110 0.079
B 2  cm 0.234 0.484 91.48 86.05 72.8 68.1 0.007 0.008 0.034 0.027
B 4 cm 0.36 0.237 91.11 99.75 73.2 78.78 0.009 0.009 0.532 0.029
B 6  cm 0.213 0.265 91.93 104.23 75.3 80.45 0.007 0.009 0.042 0.018
B 8 cm 0.246 0.244 95.41 109.45 78.9 80.36 0.007 0.009 0.084 0.041
below detection: Ag, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V, W n.m. = not measured
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F 1 4 4.6083 8.529E-02 4.265E-02 4.4725 4.7440 4.48 4.67
2 4 7.7067 4.670E-02 2.335E-02 7.6324 7.7811 7.65 7.76
Total 8 6.1575 1.6574 .5860 4.7719 7.5431 4.48 7.76
Cl 1 4 25.2547 3084 .1542 24.7640 25.7454 24.83 25.55
2 4 36.1041 2041 .1021 35.7793 36.4289 35.83 36.31
Total 8 30.6794 5.8043 2.0521 25.8269 35.5319 24.83 36.31
Sulfate 1 4 2.5000 .0000 .0000 2.5000 2.5000 2.50 2.50
2 4 8.6364 4.892E-02 2.446E-02 8.5586 8.7143 8.58 8.70
Total 8 5.5682 3.2802 1.1597 2.8259 8.3105 2.50 8.70
AI 1 4 8.2755-02 6.669E-02 3.334E-02 -2.34E-02 .1889 .03 .14
2 4 .3380 .5886 .2943 -.5986 1,2746 .03 1.22
Total 8 .2104 4111 1453 -.1333 .5541 .03 1.22
As 1 4 .1218 1.184E-02 5 921E-03 .1029 .1406 .11 .14
2 4 .2478 1 406E-02 7.028E-03 .2254 .2701 23 .26
Total 8 .1848 6.842E-02 2.419E-02 1276 .2419 .11 .26
B 1 4 .3400 8.165E-03 4.082E-03 .3270 3530 .33 .35
2 4 6350 2.082E-02 1.041 E-02 .6019 .6681 61 .66
Total 8 4875 .1584 5.599E-02 .3551 .6199 .33 .66
Ba 1 4 1.000E-02 6.000E-03 3.000E-03 4.527E-04 1.955E-02 .01 .02
2 4 1.125E-02 5.058E-03 2.529E-03 3.202E-03 1.930E-02 .01 .02















Ca 1 4 5.5500 5.774E-02 2.887E-02 5.4581 5.6419 5.48 5.62
2 4 8.5700 3099 .1550 8.0768 9.0632 8.36 903
Total 6 7.0600 1.6274 .5754 5.6995 8.4205 5.48 9.03
K 1 4 5,4875 .1965 9.827E-02 5.1748 5.8002 5.23 5.66
2 4 8.2550 .4356 .2178 7.5618 8.9482 7.96 8.90
Total 8 6.8713 1.5120 .5346 5.6072 8.1353 5.23 8.90
Li 1 4 .3025 1.500E-02 7.500E-03 .2786 .3264 .29 .32
2 4 .4350 5.774E-03 2.887E-03 .4258 .4442 .43 .44
Total 8 .3688 7.160E-02 2.531 E-02 .3089 .4286 .29 .44
Mg 1 4 4700 1.417E-02 7.083E-03 .4475 .4925 .46 .49
2 4 2633 6.593E-02 3.296E-02 .1583 3682 .21 .36
Total 8 .3666 1190 4.207E-02 .2671 .4661 .21 .49
Na 1 4 42.2875 6537 .3269 41.2473 43.3277 41.61 43.05
2 4 92.4825 1.9803 .9901 89.3315 95.6335 91.11 95.41
Total 8 67.3850 26.8651 9.4982 44.9252 89.8448 41.61 95.41
Si 1 4 38.3000 1.2410 .6205 36.3253 40.2747 36.90 39.90
2 4 75.0500 2.7911 1.3955 70.6088 79.4912 72.80 78.90
Total 8 56.6750 19.7452 6.9810 40.1676 73.1824 36.90 78.90
Sr 1 4 4.500E-03 5.774E-04 2.887E-04 3.581E-03 5.419E-03 .00 .01
2 4 7.500E-03 1.000E-03 5.000E-04 5.909E-03 9.091 E-03 .01 .01
Total 8 6.000E-03 1.773E-03 6.268E-04 4.518E-03 7.482E-03 .00 .01
Zn 1 4 7.650E-02 3.931 E-02 1.966E-02 1.394E-02 .1391 .04 .11
2 4 .1730 .2403 .1202 -.2094 .5554 .03 .53
Total 8 .1248 .1676 5.924E-02 -1.53E-02 .2648 .03 .53
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Section E.2
Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
F 1.291 1 6 .299
Cl .402 1 6 .550
Sulfate 4.416 1 6 .080
Al 6.741 1 6 041
As .373 1 6 .564
B 2.400 1 6 .172
Ba .658 1 6 .448
Ca 5.401 1 6 .059
K 1.969 1 6 .210
Li 13.500 1 6 .010
Mg 4.627 1 6 075
Na 3.114 1 6 .128
Si 2.084 1 6 .199
Sr 1.000 1 6 .356






F Between Groups 19.201 1 19.201 4061114 000









































































































Li Between Groups 3.511E-02 1 3.51 IE-02 271.839 .000
Within Groups 7.750E-04 6 1 292E-04
Total 3.589E-02 7
Mg Between Groups 8.549E-02 1 8.549E-02 37.604 .001
Within Groups 1.364E-02 6 2.273E-03
Total 9.913E-02 7
Na Between Groups 5039.076 1 5039.076 2317.465 .000
Within Groups 13.046 6 2.174
Total 5052.122 7
Si Between Groups 2701.125 1 2701.125 579.019 .000
Within Groups 27.990 6 4.665
Total 2729.115 7
Sr Between Groups 1.800E-05 1 1.800E-05 27.000 .002
Within Groups 4 000E-06 6 6.667E-07
Total 2.200E-05 7
Zn Between Groups 1.862E-02 1 1.862E-02 .628 .458


















temp 1 4 10.9250 7455 .3728 9.7387 12.1113 10.30 12.00
2 4 14.0250 6185 .3092 13.0409 15.0091 13.50 14.90
Total 8 12.4750 1.7742 .6273 10.9917 13.9583 10.30 14.90
pH 1 4 7.5875 .1959 9.793E-02 7.2759 7.8991 7.33 7.74
2 4 7.5450 7.767E-02 3.884E-02 7.4214 7.6686 7.45 7.64
Total 8 7.5663 .1398 4.942E-02 7.4494 7.6831 7.33 7.74
Aik 1 4 58.5000 9.8234 4.9117 42.8687 74.1313 47.50 70.00
2 4 132.5000 9.3541 4.6771 117.6155 147.3845 122.50 145.00
Total 8 95.5000 40.5392 14.3328 61.6084 129.3916 47.50 145.00
F 1 4 5.9101 4268 .2134 5.2311 6.5892 5.42 6.46
2 4 8.6527 1.4287 .7143 6.3793 10.9260 6.91 10.41
Total 8 7.2814 1.7612 .6227 5.8090 8.7538 5.42 10.41
Cl 1 4 28.5460 5.1596 2.5798 20.3360 36.7560 23.56 35.58
2 4 42.3525 7.4716 3.7358 30.4635 54.2416 33.10 51.23
Total 8 35.4493 9.4761 3.3503 27.5270 43.3715 23.56 51.23
N in Nitrate 1 4 6.250E-02 .0000 0000 6.250E-02 6.250E-02 .06 .06
2 4 1333 4851E-02 2.426E-02 5.61 IE-02 .2105 .06 .17
Total 8 9.790E-02 4.941E-02 1.747E-02 5.660E-02 .1392 .06 .17
Sulfate 1 4 6.7953 .7072 .3536 5.6699 7.9207 5.82 740
2 4 10.0525 1.4764 .7382 7.7032 12.4017 8.40 11.99














Al 1 4 3.200E-02 1.400E-02 7.000E-03 9.723E-03 5.428E-02 .03 .05
2 4 2.500E-02 1.735E-18 8.674E-19 2.500E-02 2.500E-02 .03 .03
Total 8 2.850E-02 9.899E-03 3.500E-03 2.022E-02 3.678E-02 .03 .05
As 1 4 .1528 3.806E-02 1.903E-02 9.218E-02 .2133 .10 .20
2 4 .2967 1.497E-02 7.487E-03 .2729 .3206 .28 .32
Total a .2248 8.150E-02 2.881E-02 .1566 .2929 .10 .32
B 1 4 .2948 2.951 E-02 1.476E-02 .2478 .3417 .25 .31
2 4 .6083 5.041 E-02 2.520E-02 .5280 .6885 .54 .65
Total 8 .4515 .1719 6.077E-02 3078 .5952 .25 .65
Ba 1 4 5.000E-03 .0000 .0000 5.000E-03 5.000E-03 .01 .01
2 4 1.925E-02 1.646E-02 8.230E-03 -6.94E-03 4.544E-02 .01 .03
Total 8 1.213E-02 1.320E-02 4.665E-03 1.093E-03 2.316E-02 .01 .03
Ca 1 4 5.4750 2706 .1353 5.0444 5.9056 5 15 5.80
2 4 8.6675 .4768 .2384 7.9089 9.4261 8.04 9.16
Total 8 7.0713 1.7438 .6165 5.6134 8.5291 5.15 9.16
K 1 4 6.2975 .3134 .1567 5.7988 6.7962 5.86 6.59
2 4 8.9550 4464 .2232 8.2446 9.6654 8.45 9.53
Total 8 7.6263 1.4647 .5178 6.4017 8.8508 5.86 9.53
Li 1 4 .3048 3.166E-02 1.583E-02 .2544 .3551 .26 .33
2 4 4513 2.097E-02 1.048E-02 .4179 .4846 .42 .47

















Mg 1 4 .5248 1.694E-02 8.469E-03 .4978 .5517 .51 .55
2 4 .3075 .1183 5.913E-02 .1193 .4957 .24 .48
Total 8 .4161 .1400 4 950E-02 .2991 .5332 .24 .55
Na 1 4 44.1250 3.1104 1.5552 39.1757 49.0743 39.47 45.97
2 4 99.8700 10.0298 5.0149 83.9103 115.8297 86.05 109.45
Total 8 71.9975 30,5797 10.8116 46.4322 97.5628 39.47 109.45
Si 1 4 37.9775 3.4435 1.7218 32.4981 43.4569 32.82 39.94
2 4 78.9225 5.9315 2.9657 67.4842 86.3608 68.10 80.45
Total 8 57.4500 21.2957 7.5292 39.6464 75.2536 32.82 80.45
Sr 1 4 6.000E-03 4.337E-19 2.168E-19 6 000E-03 6.000E-03 .01 .01
2 4 8.750E-03 5.000E-04 2.500E-04 7.954E-03 9.546E-03 .01 .01
Total 8 7.375E-03 1 506E-03 5.324E-04 6.116E-03 8.634E-03 .01 .01
Zn 1 4 4.800E-02 2.312E-02 1.156E-02 1.121 E-02 8479E-02 .02 .08
2 4 2.875E-02 9.465E-03 4.732E-03 1.369E-02 4.381 E-02 02 .04




Test of Homogeneity of Variances
Levene
Statistic dfl df2 Sig.
temp .134 1 6 .727
pH 4.182 1 6 .087
Aik .174 1 6 .691
F 1.367 1 6 .287
Cl .302 1 6 .603
N in Nitrate 7.345 1 6 .035
Sulfate .757 1 6 .418
AI 9.000 1 6 024
As 1.414 1 6 .279
B 1.024 1 6 .351
Ba 4873.500 1 6 .000
Ca 1.047 1 6 .346
K .271 1 6 .621
Li .620 1 6 .461
Mg 6.155 1 6 .048
Na 2.252 1 6 .184
Si 1.098 1 6 .335
Sr 9.000 1 6 .024
Zn 1.359 1 6 .288
ANOVA
Sum of Mean
Squares df Square F Sig.
temp Between Groups 19.220 1 19.220 40.966 .001









temp Total 22.035 7
pH Between Groups 3.613E-03 1 3.613E-03 .163 .701
Within Groups 133 6 2.220E-02
Total 137 7
Alk Between Groups 10952.000 1 10952.000 119.043 .000
Within Groups 552.000 6 92.000
Total 11504.000 7
F Between Groups 15.043 1 15.043 13.533 .010
Within Groups 6.670 6 1.112
Total 21.712 7
Cl Between Groups 381.242 1 381.242 9.248 .023
Within Groups 247.340 6 41.223
Total 628.581 7
N in Nitrate Between Groups 1.003E-02 1 1.003E-02 8.520 .027
Within Groups 7.061 E-03 6 1.177E-03
Total 1.709E-02 7
Sulfate Between Groups 21.218 1 21.218 15.835 .007
Within Groups 8.040 6 1.340
Total 29.258 7
Al Between Groups 9.800E-05 1 9.800E-05 1.000 .356
Within Groups 5.880E-04 6 9.800E-05
Total 6.860E-04 7
As Between Groups 4.147E-02 1 4.147E-02 49.573 .000










B Between Groups .197 1 .197 115.225 .000
Within Groups 1.024E-02 6 1.706E-03
Total .207 7
Ba Between Groups 4.061 E-04 1 4.06 IE-04 2.998 .134
Within Groups 8.127E-04 6 1.355E-04
Total 1.219E-03 7
Ca Between Groups 20.384 1 20.384 135.657 000
Within Groups .902 6 150
Total 21.286 7
K Between Groups 14.125 1 14.125 94.947 .000
Within Groups .893 6 .149
Total 15.017 7
Li Between Groups 4.292E-02 1 4.292E-02 59.542 000
Within Groups 4.326E-03 6 7.209E-04
Total 4.725E-02 7
Mg Between Groups 9.440E-02 1 9.440E-02 13.226 Oil
Within Groups 4.282E-02 6 7.137E-03
Total 137 7
Na Between Groups 6215.010 1 6215.010 112.722 .000
Within Groups 330.816 6 55.136
Total 6545.826 7
Si Between Groups 3033.426 1 3033.426 128.972 .000










Sr Between Groups 1.513E-05 1 1.513E-05 121.000 .000
Within Groups 7.500E-07 6 1.250E-07
Total 1.588E-05 7
Zn Between Groups 7.411E-04 1 7.411E-04 2.374 .174
















9.00 4.6083 8.529E-02 4
10.00 5.9101 .4268 4
Total 5.2592 .7519 8
Levene's Test of Equality of Error Variances^
Dependent Variable: F
F dfl df2 Sig.
3.911 1 6 .095
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 3.538= 2 1.769 21.062 .004
Intercept 32.733 1 32.733 389.740 .000
DEPTH 148 1 .148 1.765 .241
MONTH 3.390 1 3.390 40.360 .001
Error .420 5 8.399E-02
Total 225.231 8
Corrected Total 3.958 7
a R Squared = .894 (Adjusted R Squared = .851)
Section E.4











9.00 25.2547 .3084 4
10.00 28.5460 5.1596 4
Total 26.9004 3.8138 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Cl
F dfl df2 Sig.
.016 1 6 .903
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 63.127= 2 31.564 4.079 .089
Intercept 634.220 1 634.220 81.970 .000
DEPTH 41.463 1 41.463 5.359 .068
MONTH 21.665 1 21.665 2.800 .155
Error 38.686 5 7.737
Total 5890.844 8
Corrected Total 101.813 7
a. R Squared = .620 (Adjusted R Squared = .468)
Section E.4 190










9.00 2.5000 .0000 4
10.00 6.7953 .7072 4
Total 4.6476 2.3422 8
Levene's Test of Equality of Error Variances'
Dependent Variable; Sulfate
F dfl df2 Sig.
.136 1 6 .725
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design; Intercept+DEPTH+MONTH








Corrected Model 37.497' 2 18.748 103.843 .000
Intercept 21.723 1 21.723 120.320 .000
DEPTH .598 1 .598 3.311 .128
MONTH 36.899 1 36.899 204.374 .000
Error .903 5 .181
Total 211.205 8
Corrected Total 38.400 7
a. R Squared = .976 (Adjusted R Squared = .967)
Section E.4 191










9.00 8.275E-02 6.669E-02 4
10.00 3.200E-02 1.400E-02 4
Total 5.737E-02 5.221 E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: AI
F dfl df2 Sig.
26.156 1 6 .002
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 5.677E-03® 2 2.838E-03 1.059 .414
Intercept 2.054E-03 1 2.054E-03 .766 .421
DEPTH 5.256E-04 1 5.256E-04 .196 .676
MONTH 5.151 E-03 1 5.151 E-03 1.922 .224
Error 1.340E-02 5 2.681 E-03
Total 4.542E-02 8
Corrected Total 1.908E-02 7
a. R Squared = .298 (Adjusted R Squared = .017)
Section E.4











9.00 .1218 1.184E-02 4
10.00 .1528 3.806E-02 4
Total .1373 3.091 E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: As
F dfl df2 Sig.
.221 1 6 .655
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 3.664E-03® 2 1.832E-03 3.028 .138
Intercept 1.449E-02 1 1.449E-02 23.951 .004
DEPTH 1 742E-03 1 1.742E-03 2.880 .150
MONTH 1.922E-03 1 1.922E-03 3.177 .135
Error 3.025E-03 5 6.050E-04
Total .157 8
Corrected Total 6.690E-03 7
a. R Squared = .548 (Adjusted R Squared = .367)
Section E.4











9.00 .3400 8.165E-03 4
10.00 .2948 2.951 E-02 4
Total .3174 3.141E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: 8
F dfl df2 Sig.
.546 1 6 .488
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 5.452E-033 2 2.726E-03 9.365 .020
Intercept .111 1 .111 380.564 .000
DEPTH 1.357E-03 1 1.357E-03 4.662 .083
MONTH 4.095E-03 1 4.095E-03 14.068 .013
Error 1.456E-03 5 2.91 IE-04
Total .813 8
Corrected Total 6.908E-03 7
a. R Squared = .789 (Adjusted R Squared = .705)
Section E.4 194










9.00 1.000E-02 6.000E-03 4
10.00 5.000E-03 .0000 4
Total 7.5G0E-03 4.751 E-03 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Ba
F dfl df2 Sig.
.486 1 6 .512
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 9.840E-05® 2 4.920E-05 4.128 .087
Intercept 2.253E-04 1 2.253E-04 18.904 .007
DEPTH 4.840E-05 1 4.840E-05 4.060 .100
MONTH 5.000E-05 1 5.000E-05 4.195 .096
Error 5.960E-05 5 1.192E-05
Total 6.080E-04 8
Corrected Total 1.580E-04 7
a. R Squared = .623 (Adjusted R Squared = .472)
Section E.4











9.00 5.5500 5.774E-02 4
10.00 5.4750 .2706 4
Total 5.5125 .1855 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Ca
F dfl df2 Sig.
.129 1 6 .731
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design; Intercept+DEPTH+MONTH








Corrected Model 8.869E-02® 2 4.434E-02 1.456 .317
Intercept 37.347 1 37.347 1226.435 .000
DEPTH 7.744E-02 1 7.744E-02 2.543 .172
MONTH 1.125E-02 1 1.125E-02 .369 .570
Error .152 5 3.045E-02
Total 243.342 6
Corrected Total .241 7
a. R Squared = .368 (Adjusted R Squared = .115)
Section E.4











9.00 5.4875 .1965 4
10.00 6.2975 .3134 4
Total 5.8925 .4961 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: K
F dfl df2 Sig.
1.846 1 6 .223
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 1,427® 2 .713 12.047 .012
Intercept 42.187 1 42.187 712.482 .000
DEPTH .114 1 .114 1.934 .223
MONTH 1.312 1 1.312 22.161 .005
Error .296 5 5.921 E-02
Total 279.495 8
Corrected Total 1.723 7
a. R Squared = .828 (Adjusted R Squared = .759)
Section E.4 197










9.00 .3025 1.500E-02 4
10.00 .3048 3.166E-02 4
Total .3036 2.297E-02 8
Levene’s Test of Equality of Error Variances^
Dependent Variable: Li
F dfl df2 Sig.
5.707 1 6 .054
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 1.846E-03= 2 9.231 E-04 2.501 .177
Intercept 9.702E-02 1 9.702E-02 262.824 .000
DEPTH 1.836E-03 1 1.836E-03 4.974 .076
MONTH 1.013E-05 1 1.013E-05 .027 .875
Error 1.846E-03 5 3.691 E-04
Total .741 8
Corrected Total 3.692E-03 7
a. R Squared = .500 (Adjusted R Squared = .300)
Section E.4











9.00 4700 1.417E-02 4
10.00 .5248 1.694E-02 4
Total .4974 3.264E-02 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable; Mg
F dfl df2 Sig.
2.566 1 6 .160
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 6.851 E-03® 2 3.425E-03 28.210 002
Intercept .300 1 300 2469.706 .000
DEPTH 8.556E-04 1 8.556E-04 7.047 .045
MONTH 5.995E-03 1 5.995E-03 49.373 .001
Error 6.071 E-04 5 1.214E-04
Total 1.987 8
Corrected Total 7.458E-03 7
a. R Squared = .919 (Adjusted R Squared = .886)
Section E.4











9.00 42.2875 .6537 4
10.00 44.1250 3.1104 4
Total 43.2063 2.3009 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Na
F df1 df2 Sig.
.627 1 6 .458
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 20.058® 2 10.029 2.950 .143
Intercept 2167.872 1 2167.872 637.634 .000
DEPTH 13.306 1 13.306 3.914 .105
MONTH 6.753 1 6.753 1.986 .218
Error 16.999 5 3.400
Total 14971.298 8
Corrected Total 37.058 7
a. R Squared = .541 (Adjusted R Squared = .358)
Section E.4











9.00 38.3000 1.2410 4
10.00 37.9775 3.4435 4
Total 38.1388 2.4024 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Si
F dfl df2 Sig.
3.039 1 6 .132
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 20.2443 2 10.122 2.511 .176
Intercept 1596.213 1 1596.213 395.948 .000
DEPTH 20.036 1 20.036 4.970 .076
MONTH .208 1 .208 .052 .829
Error 20.157 5 4.031
Total 11676.915 8
Corrected Total 40.401 7
a. R Squared = .501 {Adjusted R Squared = .302)
Section E.4 201










9.00 4.500E-03 5.774E-04 4
10.00 6.000E-03 .0000 4
Total 5.250E-03 8.864E-04 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Sr
F dfl df2 Sig.
29.400 1 6 .002
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 4.600E-06® 2 2.300E-06 12.778 .011
Intercept 3.333E-05 1 3.333E-05 185.185 .000
DEPTH 1.000E-07 1 1 OOOE-07 .556 .490
MONTH 4.500E-06 1 4.500E-06 25.000 .004
Error 9.000E-07 5 1.800E-07
Total 2.260E-04 8
Corrected Total 5.500E-06 7
a. R Squared = .836 (Adjusted R Squared = .771)
Section E.4











9.00 7.650E-02 3.931E-02 4
10.00 4.800E-02 2.312E-02 4
Total 6.225E-02 3.352E-02 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Zn
F dfl df2 Sig.
2.499 1 6 .165
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 2.879E-03= 2 1.439E-03 1.443 .320
Intercept 1.564E-03 1 1.564E-03 1.568 .266
DEPTH 1.254E-03 1 1.254E-03 1.258 .313
MONTH 1 624E-03 1 1.624E-03 1.629 .258
Error 4.987E-03 5 9.973E-04
Total 3.887E-02 8
Corrected Total 7.865E-03 7
a. R Squared = .366 (Adjusted R Squared = .112)
Section E.5











9.00 7.7067 4.670E-02 4
10.00 8.6527 1.4287 4
Total 8.1797 1.0636 8
Levene's Test of Equaiity of Error V ariances'
Dependent Variable: F
F dfl df2 Sig.
3.194 1 6 .124
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 2.123' 2 1.061 .916 .458
Intercept 79.531 1 79.531 68.604 .000
DEPTH .333 1 .333 .288 .615
MONTH 1.790 1 1.790 1.544 .269
Error 5.796 5 1.159
Total 543.179 8
Corrected Total 7.919 7
a. R Squared = .268 (Adjusted R Squared = -.025)
Section E.5











9.00 36.1041 .2041 4
10.00 42.3525 7.4716 4
Total 39.2283 5.9244 a
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Cl
F dfl df2 Sig.
4.497 1 6 .078
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 86.373® 2 43.187 1.355 .339
Intercept 1820.647 1 1820.647 57.140 .001
DEPTH 8.287 1 8.287 .260 .632
MONTH 78.086 1 78.086 2.451 .178
Error 159.314 5 31.863
Total 12556.564 8
Corrected Total 245.687 7
a. R Squared = .352 (Adjusted R Squared = .092)
Section E.5











9.00 6.250E-02 .0000 4
10.00 .1333 4.851 E-02 4
Total 9 790E-02 4.941E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: N in Nitrate
F dfl df2 Sig.
2.367 1 6 .175
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH
Tests of Between-Subjects Effects







Corrected Model 1.134E-02= 2 5.669E-03 4.931 .066
Intercept 6.397E-03 1 6.397E-03 5.564 .065
DEPTH 1.312E-03 1 1.312E-03 1.141 .334
MONTH 1.003E-02 1 1.003E-02 8.720 .032
Error 5.749E-03 5 1.150E-03
Total 9.376E-02 8
Corrected Total 1.709E-02 7
a. R Squared = .664 (Adjusted R Squared = .529)
Section E.5











9.00 8.6364 4.892E-02 4
10.00 10.0525 1.4764 4
Total 9.3444 1.2280 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Sulfate
F dfl df2 Sig.
4.200 1 6 .086
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design; Intercept+DEPTH+MONTH








Corrected Model 4.213® 2 2.106 1.660 .280
Intercept 107.732 1 107.732 84.911 .000
DEPTH .202 1 .202 .159 .706
MONTH 4.010 1 4.010 3.161 136
Error 6.344 5 1.269
Total 709.106 8
Corrected Total 10.556 7
a. R Squared = .399 {Adjusted R Squared = .159)
Section E.5











9.00 .3380 .5886 4
10.00 2.500E-02 .0000 4
Total 1815 .4201 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: AI
F dfl df2 Sig.
6.334 1 6 .045
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model .222® 2 .111 .548 .609
Intercept .128 1 .128 .630 .463
DEPTH 2.621 E-02 1 2.621 E-02 .129 .734
MONTH .196 1 .196 .967 .371
Error 1.013 5 .203
Total 1.499 8
Corrected Total 1.235 7
a. R Squared = .180 (Adjusted R Squared = -.148)
Section E.5











9.00 .2478 1.406E-02 4
10.00 .2967 1.497E-02 4
Total .2723 2.944E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: As
F dfl df2 Sig.
.076 1 6 .792
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 4.802E-03= 2 2.401 E-03 9.490 .020
Intercept 9.919E-02 1 9.919E-02 392.025 .000
DEPTH 4.000E-07 1 4.000E-07 .002 .970
MONTH 4 802E-03 1 4.802E-03 18,979 .007
Error 1.265E-03 5 2.530E-04
Total .599 8
Corrected Total 6.067E-03 7
a. R Squared = .791 (Adjusted R Squared = .708)
Section E.5











9.00 .6350 2.082E-02 4
10.00 .6083 5.041 E-02 4
Total .6216 3.846E-02 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: B
F dfl df2 Sig.
.162 1 6 .701
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 7.557E-033 2 3.778E-03 6.754 .038
Intercept .418 1 .418 746.767 .000
DEPTH 6.126E-03 1 6.126E-03 10.950 .021
MONTH 1.431 E-03 1 1.431 E-03 2.558 .171
Error 2.797E-03 5 5.594E-04
Total 3.102 8
Corrected Total 1.035E-02 7
a. R Squared = .730 (Adjusted R Squared = .622)
Section E.5











9.00 1.125E-02 5.058E-03 4
10.00 1.925E-02 1.646E-02 4
Total 1.525E-02 1.206E-02 8
Levene’s Test of Equality of Error Variances^
Dependent Variable: Ba
F dfl df2 Sig.
.255 1 6 .632
Tests the null hypothesis that the error variance of the dependent variable Is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 4.416E-04® 2 2.208E-04 1.917 .241
Intercept 2.083E-06 1 2.083E-06 .018 .898
DEPTH 3.136E-04 1 3.136E-04 2.723 .160
MONTH 1.280E-04 1 1.280E-04 1.111 .340
Error 5.759E-04 5 1.152E-04
Total 2.878E-03 8
Corrected Total 1.018E-03 7
a. R Squared = .434 (Adjusted R Squared = .208)
Section E.5 211










9.00 8.5700 .3099 4
10.00 8.6675 .4768 4
Total 8.6187 .3759 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Ca
F dfl df2 r  Sig.
.583 1 6 .474
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model .200® 2 9.996E-02 .633 .569
Intercept 91.466 1 91.466 579.508 .000
DEPTH .181 1 .181 1.146 .333
MONTH 1.901E-02 1 1.901 E-02 .120 .743
Error .789 5 .158
Total 595.252 8
Corrected Total .989 7
a. R Squared = .202 (Adjusted R Squared = -.117)
Section E.5











9.00 8.2550 .4356 4
10.00 8.9550 .4464 4
Total 8.6050 .5538 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: K
F dfl df2 Sig.
.039 1 6 .850
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model .988= 2 .494 2.132 .214
Intercept 97.071 1 97.071 418.848 .000
DEPTH 8.410E-03 1 8.410E-03 .036 .856
MONTH .980 1 .980 4.229 .095
Error 1.159 5 .232
Total 594.515 8
Corrected Total 2.147 7
a. R Squared = .460 (Adjusted R Squared = .244)
Section E.5











9.00 .4350 5.774E-03 4
10.00 .4513 2.097E-02 4
Total .4431 1.668E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Li
F dfl df2 Siq.
3.719 1 6 .102
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 1.209E-03® 2 6.044E-04 4.094 .089
Intercept .238 1 .238 1612.250 .000
DEPTH 6.806E-04 1 6.806E-04 4.610 .085
MONTH 5.281 E-04 1 5.281 E-04 3.577 .117
Error 7.381E-04 5 1.476E-04
Total 1.573 8
Corrected Total 1.947E-03 7
a. R Squared = .621 {Adjusted R Squared = .469)
Section E.5 214










9.00 .2633 6.593E-02 4
10.00 .3075 .1183 4
Total .2854 9.174E-02 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Mg
F dfl df2 Sig.
.003 1 6 .957
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 2.004E-02® 2 1.002E-02 1.288 .354
Intercept .198 1 .198 25.515 .004
DEPTH 1.612E-02 1 1.612E-02 2.073 .209
MONTH 3.916E-03 1 3.916E-03 .504 .510
Error 3.888E-02 5 7.776E-03
Total .710 8
Corrected Total 5.892E-02 7
a. R Squared = .340 (Adjusted R Squared = .076)
Section E.5











9.00 92.4825 1.9803 4
10.00 99.8700 10.0298 4
Total 96.1763 7.7709 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Na
F dfl df2 Sig.
.085 1 6 .780
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 299.639® 2 149.819 6.087 .046
Intercept 9693.494 1 9693.494 393.825 .000
DEPTH 190.489 1 190.489 7.739 .039
MONTH 109.150 1 109.150 4.435 .089
Error 123.068 5 24.614
Total 74421.676 8
Corrected Total 422.707 7
a. R Squared = .709 (Adjusted R Squared = .592)
Section E.5 - *











9.00 75.0500 2.7911 4
10.00 76.9225 5.9315 4
Total 75.9862 4.4066 8
Levene's Test of Equality of Error Variances?
Dependent Variable: SI
F dfl df2 Sig.
3.597 1 6 .107
Tests the null hypothesis that the error variance of the dependent variable is equal across groups,
a. Design: Intercept+DEPTH+MONTH








Corrected Model 93.596^ 2 46.798 5.527 .054
Intercept 6280.103 1 6280.103 741.743 .000
DEPTH 86.583 1 86.583 10.226 .024
MONTH 7.013 1 7.013 .828 .405
Error 42.333 5 8.467
Total 46327.211 8
Corrected Total 135.929 7
a. R Squared = .689 (Adjusted R Squared = .564)
Section E.5











9.00 7.500E-03 1.000E-03 4
10.00 8.750E-03 5.000E-04 4
Total 8.125E-03 9.910E-04 8
Levene's Test of Equality of Error Variances^
Dependent Variable: Sr
F dfl df2 Sig.
2.297 1 6 .180
Tests the null hypothesis that the error variance of the dependent variable is equal across groups,
a. Design: Intercept+DEPTH+MONTH








Corrected Model 3.150E-06= 2 1.575E-06 2.114 .216
Intercept 8.533E-05 1 8.533E-05 114.641 .000
DEPTH 2.500E-08 1 2.500E-08 .034 .862
MONTH 3.125E-06 1 3.125E-06 4.195 .096
Error 3.725E-06 5 7.450E-07
Total 5.350E-04 8
Corrected Total 6.875E-06 7
a. R Squared = .458 (Adjusted R Squared = .241)
Section E.5











9.00 .1730 .2403 4
10.00 2.875E-02 9.465E-03 4
Total .1009 .1753 8
Levene's Test of Equality of Error Variances^ 
Dependent Variable: Zn
F df1 df2 Sig.
6.434 1 6 .044
Tests the null hypothesis that the error variance of the dependent variable is equal across groups, 
a. Design: Intercept+DEPTH+MONTH








Corrected Model 4.400E-02^ 2 2.200E-02 .643 .564
Intercept 2.595E-02 1 2.595E-02 .758 .424
DEPTH 2.387E-03 1 2.387E-03 .070 .802
MONTH 4.162E-02 1 4.162E-02 1.216 .320
Error .171 5 3.423E-02
Total .297 8
Corrected Total .215 7
a. R Squared = .205 (Adjusted R Squared = -.114)
Appendix F. MINTEQA2
MINTEQA2 is a geochemical modeling program that uses thermodynamic data to 
determine ion spéciation and solubility, adsorption, oxidation/reduction, gas phase 
equilibria, and the precipitation/dissolution of solid phases. The accuracy of the model of 
a system is limited by the accuracy of the thermodynamic data used and by the assumption 
of equilibrium (kinetics are not considered).
Section F .l contains a complete MINTEQA2 output file for Peeper Box B, 8cm below 
the streambed surface in October.
Section F.2a contains the MINTEQA2 input files for all ground and surface water in July.
Section F.2b contains the MINTEQA2 input files for all ground and surface water in 
August.
Section F.2c contains the MÏNTEQA2 input files for all ground and surface water in 
September.
Section F.2d contains the MINTEQA2 input files for all ground and surface water in 
October.
Section F.3a contains the MINTEQA2 input files for Peeper Box A.
Section F.3b contains the MINTEQA2 input files for Peeper Box B
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Section F.l
____________________________________  PART 1 o f  OUTPUT FILE
PC MINTEQA2 v 3 . 1 0  
9 8 1 0 2 4 . PB4
T e mp e r a t u r e  ( C e l s i u s ) ;  1 3 . 5 0  
U n i t s  o f  c o n c e n t r a t i o n :  MG/L 
I o n i c  s t r e n g t h  t o  be  c omputed .
C a r b o n a t e  c o n c e n t r a t i o n  r e p r e s e n t s  c a r b o n a t e  a l k a l i n i t y .
Do n o t  a u t o m a t i c a l l y  t e r m i n a t e  i f  c h a r g e  i m b a l a n c e  e x c e e d s  30% 
P r e c i p i t a t i o n  i s  a l l o w e d  o n l y  f o r  t h o s e  s o l i d s  s p e c i f i e d  as  ALLOWED 
i n  t h e  i n p u t  f i l e  ( i f  a n y ) .
The maximum number o f  i t e r a t i o n s  i s :  40
The met hod u s e d  t o  compute  a c t i v i t y  c o e f f i c i e n t s  i s :  D a v i e s  e q u a t i o n  
F u l l  o u t p u t  f i l e
330 0 . OOOE-01 - 7 . 6 4 y
140 8 . 693E+01 - 5 . 5 5 y
270 8 . 660E+00 - 3 . 3 4 y
180 4 . 132E+01 - 2 . 9 3 y
491 1 . 400E- 01 - 5 . 5 2 y
732 9 . 930E+00 - 3 .  99 y
100 3 . 400E- 02 - 6 , 6 1 y
150 9 . 160E+00 - 3 .  64 y
410 8 . 990E+00 - 3 . 6 4 y
440 4 . 600E- 01 - 4 . 1 8 y
460 2 . 440E- 01 - 5 . 0 0 y
500 1 . 094E+02 - 2 . 3 2 y
770 2 . 76 0 E+ 0 2 - 2 . 5 4 y
800 9 . OOOE-03 - 6 . 9 9 y
950 4 . lOOE-02 - 6 . 2 0 y
H20 has  b e e n  i n s e r t e d  a s  a COMPONENT 
3 1
330 1 . 6 4 0 0  0 . 0 0 0 0
toto
o
INPUT DATA BEFORE TYPE MODIFICATIONS
ID NAME ACTIVITY GUESS LOG GUESS ANAL TOTAL
330 H+1 2 . 2 9 1 E - 0 8 - 7 . 6 4 0 0 . OOOE-01
140 C03-2 2 . 818E- 06 - 5 . 5 5 0 8 . 6 9 3 E + 0 1
270 F-1 4 . 5 7 1 E - 0 4 - 3 . 3 4 0 8 . 660E+00
180 C l - 1 1 , 175E- 03 - 2 . 9 3 0 4 . 132E+01
491 N02- 1 3 . 0 2 0 E - 0 6 - 5 . 5 2 0 1 . 4 0 0 E - 0 1
732 S 0 4 - 2 1 . 0 2 3 E - 0 4 - 3 . 9 9 0 9 . 9 3 0 E + 0 0
100 Ba+2 2 . 4 5 5 E - 0 7 —6 . 6 1 0 3 . 400E- 02
150 Ca+2 2 . 2 9 1 E - 0 4 - 3 . 6 4 0 9 . 1 6 0 E + 0 0
410 K+1 2 . 2 9 1 E - 0 4 - 3 . 6 4 0 8 . 990E+00
440 Li  + 1 6 . 607E- 05 - 4 . 1 8 0 4 . 600 E- 0 1
460 Mg+2 1 , OOOE-05 - 5 . 0 0 0 2 . 4 4 0 E - 0 1
500 Na+1 4 . 786E- 03 - 2 . 3 2 0 1 . 094E+02
770 H4S104 2 . 8 8 4 E - 0 3 - 2 . 5 4 0 2 . 7 6 0 E + 0 2
800 Sr+2 1 . 0 2 3 E - 0 7 - 6 . 9 9 0 9 . OOOE-03
950 Zn+2 6 . 3 1 0 E - 0 7 - 6 . 2 0 0 4 . lOOE-02
2 H20 1 . OOOE+00 0 . 0 0 0 0 . OOOE-01
Nto
PART 2 of OUTPUT FILE
ALL SPECIES CONSIDERED IN THIS PROBLEM
Type I -  COMPONENTS AS SPECIES IN SOLUTION
ID NAME DH LOCK MIN LOCK MAX LOCK 2 DHA DHB GFW
330 H+1 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0.  000 1 . 0 0 9 . 0 0 0.  00 1 . 0 0 8 0
140 C03-2 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 . 0 0 0 - 2 . 0 0 5 . 4 0 0 .  00 6 0 . 0 0 9 4
270 F-1 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 . 0 0 0 - 1 . 0 0 3 . 5 0 0.  00 1 8 . 9 9 8 4
180 C l - 1 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 3 . 0 0 0 . 0 1 3 5 . 4 5 3 0
491 N02-1 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 0 . 0 0 0.  00 4 6 . 0 0 5 5
732 S 04- 2 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 0 0 - 2 . 0 0 4 . 0 0 - 0 .  04 9 6 . 0 6 1 6
100 Ba+2 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 0 0 2 . 0 0 5 . 0 0 0.  00 1 3 7 . 3 4 0 0
150 Ca+2 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 0 0 2 . 0 0 6 . 0 0 0 . 1 7 4 0 . 0 8 0 0
410 K+1 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0.  000 1 . 0 0 3 .  00 0 . 0 1 3 9 . 1 0 2 0
440 Li+1 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 6 .  00 0.  00 6 . 9 3 9 0
460 Mg+2 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 .  000 2 . 0 0 6 . 5 0 0 . 2 0 2 4 . 3 1 2 0
500 Na+1 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 . 0 0 0 1 . 0 0 4 . 0 0 0.  08 2 2 . 9 8 9 8
770 H4SÎ04 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 . 0 0 0 0.  00 0 . 0 0 0 . 0 0 9 6 . 1 1 5 5
800 Sr+2 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 . 0 0 0 2 . 0 0 5 . 0 0 0 . 0 0 8 7 . 6 2 0 0
950 Zn+2 0 . 0 0 0 0 0 . 0 0 0 0 0.  000 0 . 0 0 0 2 . 0 0 6.  00 0 . 0 0 6 5 . 3 6 9 9
Type I I  -  OTHER SPECIES IN SOLUTION OR ADSORBED
ID NAME DH LOGK MIN LOGK MAX LOGK z DHA DHB GFW
3302701 HF2 - 4 . 5 5 0 0 3 . 7 4 9 0 0.  000 0 . 0 0 0 - 1 . 0 0 3 . 5 0 0.  00 3 9 . 0 0 4 0
3302702 H2F2 AQ 0 . 0 0 0 0 6 . 7 6 8 0 0.  000 0 . 0 0 0 0 . 0 0 0 . 0 0 0.  00 4 0 . 0 1 2 0
1007320 BAS 04 0 . 0 0 0 0 2 . 7 2 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 .  00 0 .  00 2 3 3 . 6 3 0 0
8007 3 2 0 SRS04 0 . 0 0 0 0 1 . 8 6 0 0 0.  000 0 . 0 0 0 0 . 0 0 0 . 0 0 0.  00 1 8 3 . 6 8 0 0
3300020 OH- 1 3 . 3 4 5 0 - 1 3 . 9 9 8 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 3 . 5 0 0 . 0 0 1 7 . 0 0 7 4
3 3 0 7700 H3SI04 - 8 . 9 3 5 0 - 9 . 9 3 0 0 0.  000 0.  000 - 1 . 0 0 4 . 00 0 . 0 0 9 5 . 1 0 7 0
3307701 H2SI04 -2 2 9 . 7 1 4 0 - 2 1 . 6 1 9 0 0.  000 0.  000 - 2  . 00 5 . 4 0 0.  00 9 4 . 0 9 9 0
7 0 2700 IF6  - 2 - 1 6 . 2 6 0 0 3 0 . 1 8 0 0 0 . 0 0 0 0.  000 - 2 . 0 0 5 . 0 0 0.  00 1 4 2 . 0 7 6 0
4 603300 MGOH + 1 5 . 9 3 5 0 - 1 1 . 7 9 0 0 0.  000 0.  000 1 . 0 0 6 . 5 0 0.  00 4 1 . 3 1 9 0
4 6 0 2 7 0 0 MG F + 4 . 6 7 4 0 1 . 8 2 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 4 . 5 0 0 . 0 0 4 3 . 3 1 0 0
4 6 0 1400 MGC03 AQ 2 . 0 2 2 0 2 . 9 8 0 0 0 . 0 0 0 0 . 0 0 0 0.  00 0.  00 0.  00 84 . 3210
4 6 0 1401 MGHC03 + - 2  . 4300 1 1 . 4 0 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 4.  00 0.  00 8 5 . 3 2 9 0
4 6 0 7 3 2 0 MGS04 AQ 1 . 3 9 9 0 2 . 2 5 0 0 0 . 0 0 0 0 . 0 0 0 0.  00 0.  00 0.  00 1 2 0 . 3 7 3 0
1 500 0 2 0 CAOH + 1 4 . 5 3 5 0 - 1 2 . 5 9 8 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 6.  00 0.  00 5 7 . 0 8 5 3 tototo
Type I I -  OTHER SPECIES IN SOLUTION OR ADSORBED ( c o n t i n u e d )
ID NAME DH LOCK MIN LOCK MAX: LOGK z DHA DHB GFW
1501400 CAHC03 + 1 . 7 9 0 0 1 1 . 3 3 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 6 . 0 0 0 . 0 0 1 0 1 . 0 9 5 1
1 501401 CAC03 AQ 4 . 0 3 0 0 3 . 1 5 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 0 . 0 8 7 2
1 507320 CAS04 AQ 1 . 4 7 0 0 2 . 2 7 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 3 6 . 1 4 1 0
1502700 CAE + 3 . 7 9 8 0 0 . 9 4 0 0 0.  000 0 . 0 0 0 1 . 0 0 5 . 0 0 0 . 0 0 5 9 . 0 7 8 0
5 0 0 1 4 0 0 NAC03 - 8 . 9 1 1 0 1 . 2 6 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 5 . 4 0 0 . 0 0 8 2 . 9 9 9 0
5 001401 NAHC03 AQ 0 . 0 0 0 0 1 0 . 0 8 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 4 . 0 0 6 9
5007 3 2 0 NASO4 - 1 . 1 2 0 0 0 . 7 0 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 5 . 4 0 0 . 0 0 1 1 9 . 0 5 1 0
5 0 0 2700 NAF AQ 0 . 0 0 0 0 - 0 . 7 9 0 0 0 . 0 0 0 0.  000 0 . 0 0 0 . 0 0 0 . 0 0 4 1 . 9 8 8 0
4 1 0 7 3 2 0 KS04 - 2 . 2 5 0 0 0 . 8 5 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 5 . 4 0 0 . 0 0 1 3 5 . 1 6 3 0
4 407 3 2 0 LIS04 - 0 . 0 0 0 0 0 . 6 4 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 5 . 0 0 0 . 0 0 1 0 3 . 0 0 0 0
8 0 0 0 0 2 0 SROH + 1 4 . 4 9 5 0 - 1 3 . 1 7 8 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 5 , 0 0 0 . 0 0 1 0 4 . 6 2 7 3
1 000020 BAOH + 1 5 . 0 9 5 0 - 1 3 . 3 5 8 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 5 . 0 0 0 . 0 0 1 5 4 . 3 3 4 3
9 501 8 0 0 ZNCL + 7 . 7 9 0 0 0 . 4 3 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 4 . 0 0 0 . 0 0 1 0 0 . 8 2 3 0
9 501801 ZNCL2 AQ 8 . 5 0 0 0 0 . 4 5 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 3 6 . 2 7 6 0
9501802 ZNCL3 - 9 . 5 6 0 0 0 . 5 0 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 4 . 0 0 0.  00 1 7 1 . 7 2 9 0
9 5 0 1803 ZNCL4 - 2 1 0 . 9 6 0 0 0 . 1 9 9 0 0 . 0 0 0 0 . 0 0 0 - 2 . 0 0 5.  00 0 . 0 0 2 0 7 . 1 8 2 0
9 5 0 2700 ZNF + 2 . 2 2 0 0 1 . 1 5 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 0.  00 0 . 0 0 8 4 . 3 6 8 0
9 500020 ZNOH + 1 3 . 3 9 9 0 - 8 . 9 6 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 0 . 0 0 0 . 0 0 8 2 . 3 9 7 3
9500021 ZN(0H)2 AQ 0 . 0 0 0 0 - 1 6 . 8 9 9 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0.  00 0 . 0 0 9 9 . 4 0 4 7
9500022 ZN(0H)3 - 0 . 0 0 0 0 - 2 8 . 3 9 9 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 0 . 0 0 0 . 0 0 1 1 6 . 4 1 2 0
9 500023 ZN(0H)4 - 2 0 . 0 0 0 0 - 4 1 . 4 0 0 0 0 . 0 0 0 0 . 0 0 0 - 2 . 0 0 0 . 0 0 0 . 0 0 1 3 3 . 4 1 9 4
9501804 ZNOHCL AQ 0 . 0 0 0 0 - 7 . 4 8 0 0 0 . 0 0 0 0 . 0 0 0 0.  00 0 . 0 0 0 . 0 0 1 1 7 . 8 3 0 0
9 5 0 7 3 2 0 ZNS04 AQ 1 . 3 6 0 0 2 . 3 7 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 6 1 . 4 3 1 0
9507321 ZN( 5 0 4 ) 2 - 2 0 . 0 0 0 0 3 . 2 8 0 0 0 . 0 0 0 0 . 0 0 0 - 2 . 0 0 0 .  00 0 . 0 0 2 5 7 . 4 9 3 0
9 501400 ZNHC03 + 0 . 0 0 0 0 1 1 . 7 0 0 0 0 . 0 0 0 0 . 0 0 0 1 . 0 0 0 . 0 0 0.  00 1 2 6 . 4 0 7 1
9 501401 ZNC03 AQ 0.Ô000 4 . 7 6 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0.  00 0 . 0 0 1 2 5 . 3 9 9 2
9501402 ZN(C03)2 - 2 0 . 0 0 0 0 9 . 6 3 0 0 0.  000 0 . 0 0 0 - 2 . 0 0 0 . 0 0 0.  00 1 8 5 . 3 5 8 0
3 3 0 1 4 0 0 HC03 - - 3 . 6 1 7 0 1 0 . 3 3 0 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 5 . 4 0 0 . 0 0 6 1 . 0 1 7 0
3 301401 H2C03 AQ - 2 . 2 4 7 0 1 6 . 6 5 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 2 . 0 2 5 1
3 3 0 7320 HS04 - 4 . 9 1 0 0 1 . 9 8 7 0 0 . 0 0 0 0 . 0 0 0 - 1 . 0 0 4 . 5 0 0.  00 9 7 . 0 6 9 0
3302700 HF AQ 3 . 4 6 0 0 3 . 1 6 9 0 0.  000 0 . 0 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 0 . 0 0 6 0
totow
Type I I I  -  SPECIES WITH FIXED ACTIVITY
ID NAME DH LOGK MIN LOGK MAX LOGK
2 H20 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0
330 H+1 0 . 0 0 0 0  7 . 6 4 0 0  0 . 0 0 0  0 . 0 0 0
Z DHA DHB 
0 .0 0  0 .0 0  0 .0 0  
1 . 0 0  9 . 0 0  0 . 0 0
Type VI -  EXCLUDED SPECIES ( n o t  i n c l u d e d  i n  m o l e  b a l a n c e )
ID NAME DH LOGK MIN LOGK MAX LOGK Z DHA DHB
3 3 0 1403  C02(GAS) - 0 . 5 3 0 0  1 8 . 1 6 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  0 . 0 0
GFW
1 8 . 0 1 5 3
1 . 0 0 8 0
GFW
4 1 . 0 1 0 0
Charge  B a l a n c e ;  UNSPECIATED
Sura o f  CATIONS= 5 . 5 3 7 E - 0 3  Sura o f  ANIONS = 4 . 7 3 1 E - 0 3
PERCENT DIFFERENCE -  7 . 8 5 0 E + 0 0  (ANIONS -  CATIONS) / (ANIONS + CATIONS)
IMPROVED ACTIVITY GUESSES PRIOR TO FIRST ITERATION: 
C03-2  Log a c t i v i t y  g u e s s :  - 5 . 6 6
S 0 4 - 2  Log a c t i v i t y  g u e s s :  - 3 . 9 9
H4Si04  Log a c t i v i t y  g u e s s :  - 2 . 5 4
roto
PART 3 of OUTPUT FILE
PARAMETERS OF THE COMPONENT MOST OUT OF BALANCE:
ITER NAME TOTAL MOL DIFF FXN LOG ACTVTY RESIDUAL
0 Sr+2 1 . 0 2 8 E - 0 7 3 . 232 E- 1 0 - 6 . 9 9 0 0 0 3 . 129E- 10
1 Mg+2 1 . 0 0 4 E - 0 5 - 1 . 047E- 08 - 5 . 0 2 8 8 2 9 . 470E- 09
2 Sr+2 1 . 0 2 8 E - 0 7 3 . 7 2 7 E - 0 8 - 6 . 9 9 1 1 7 3 . 7 2 6 E - 0 8
3 Sr+2 1 . 0 2 8 E - 0 7 1 . 027E- 10 - 7 . 1 2 4 8 0 9 . 2 4 2 E - 1 1
4 Sr+2 1 . 028E- 07 - 1 . 3 6 1 E - 1 1 - 7 . 1 2 5 2 3 3 . 3 3 5 E - 1 2
ID NAME ANAL MOL CALC MOL LOG ACTVTY GAMMA DIFF FXN
950 Zn+2 6 . 2 7 5 E - 0 7 4 . 6 9 4 E - 0 7 - 6 . 4 6 3 8 7 0 . 7 3 2 1 9 2 - 1 . 9 6 4 E - 1 2
140 C03-2 3 . 005E- 03 5 . 674E- 06 - 5 . 3 8 1 5 0 0 . 7 3 2 1 9 2 4 . 319E- 09
270 F-1 4 . 5 6 1 E - 0 4 4 . 5 5 1 E - 0 4 - 3 . 3 7 5 7 2 0 . 9 2 5 0 3 1 - 4 . 3 8 5 E - 1 0
180 C l - 1 1 . 166E- 03 1 . 166E- 03 - 2 . 9 6 7 1 0 0 . 9 2 5 0 3 1 - 1 . 1 2 2 E - 0 9
491 N02- 1 3 . 0 4 5 E - 0 6 3 . 0 4 5 E - 0 6 - 5 . 5 5 0 2 9 0 . 9 2 5 0 3 1 - 2 . 9 3 0 E - 1 2
732 S0 4 - 2 1 . 034E- 04 9 . 961E- 05 - 4 . 1 3 7 0 8 0 . 7 3 2 1 9 2 - 3 . 8 4 9 E - 1 0
100 Ba+2 2 . 4 7 7 E - 0 7 2 . 4 1 0 E - 0 7 - 6 . 7 5 3 4 4 0 . 7 3 2 1 9 2 - 9 . 2 7 0 E - 1 3
150 Ca+2 2 . 2 8 7 E - 0 4 2 . 2 2 0 E - 0 4 - 3 . 7 8 9 0 4 0 . 7 3 2 1 9 2 - 8 . 580E- 10
410 K+1 2 . 300E- 04 2 . 2 9 9 E - 0 4 - 3 . 6 7 2 2 2 0 . 9 2 5 0 3 1 - 2 . 2 1 3 E - 1 0
440 Li +1 6 . 6 3 3 E - 0 5 6 . 6 3 1 E - 0 5 - 4 . 2 1 2 2 8 0 . 9 2 5 0 3 1 - 6 . 3 8 2 E - 1 1
460 Mg+2 1 . 0 0 4 E - 0 5 9 . 5 6 2 E - 0 6 - 5 . 1 5 4 8 0 0 . 7 3 2 1 9 2 - 3 . 7 1 6 E - 1 1
500 Na+1 4 . 7 6 1 E - 0 3 4 . 7 5 4 E - 0 3 - 2 . 3 5 6 7 7 0 . 9 2 5 0 3 1 - 4 . 5 7 6 E - 0 9
770 H4Si04 2 , 873E- 03 2 . 865E- 03 - 2 . 5 4 2 3 9 1 . 0 0 1 2 5 8 8 . 941E- 11
800 Sr+2 1 . 0 2 8 E - 0 7 1 . 0 2 4 E - 0 7 - 7 . 1 2 5 1 7 0 . 7 3 2 1 9 2 - 3 . 9 4 0 E - 1 3
2 H20 0 , OOOE-01 - 2 . 171E-07 - 0 . 0 0 0 0 8 1 . 0 0 0 0 0 0 O.OOOE-01
330 H+1 0 . OOOE-01 2 . 477E- 08 - 7 . 6 4 0 0 0 0 . 9 2 5 0 3 1 0 . OOOE-01
Type I -  COMPONENTS AS SPECIES IN SOLUTION
ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
330 H+1 2 . 4 7 7 E - 0 8 2 . 2 9 1 E - 0 8 - 7 . 6 4 0 0 0 0 . 9 2 5 0 3 0 . 0 3 4
140 C03-2 5 . 6 7 4 E - 0 6 4 . 1 5 4 E - 0 6 - 5 . 3 8 1 5 0 0 . 7 3 2 1 9 0 . 1 3 5
270 F-1 4 . 5 5 1 E - 0 4 4 . 2 1 0 E - 0 4 - 3 . 3 7 5 7 2 0 . 9 2 5 0 3 0 . 0 3 4
180 C l - 1 1 . 166E- 03 1 . 079E- 03 - 2 . 9 6 7 1 0 0 . 9 2 5 0 3 0 . 0 3 4
491 N02- 1 3 . 0 4 5 E - 0 6 2 . 817E- 06 - 5 . 5 5 0 2 9 0 . 9 2 5 0 3 0 . 0 3 4
732 S0 4 - 2 9 . 961E- 05 7 . 2 9 3 E - 0 5 - 4 . 1 3 7 0 8 0 . 7 3 2 1 9 0 . 1 3 5
100 Ba+2 2 . 4 1 0 E - 0 7 1 . 7 6 4 E - 0 7 - 6 . 7 5 3 4 4 0 . 7 3 2 1 9 0 . 1 3 5 totoLA
ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
150 Ca+2 2 . 2 2 0 E - 0 4 1 . 6 2 5 E - 0 4 - 3 . 7 8 9 0 4 0 . 7 3 2 1 9 0 . 1 3 5
410 K+1 2 . 2 9 9 E - 0 4 2 . 127E-04 - 3 . 6 7 2 2 2 0 . 9 2 5 0 3 0 . 0 3 4
440 Li  + 1 6 . 6 3 1 E - 0 5 6 . 134E- 05 - 4 . 2 1 2 2 8 0 . 9 2 5 0 3 0 . 0 3 4
460 Mg+2 9 . 5 6 2 E - 0 6 7 . 0 0 2 E - 0 6 - 5 . 1 5 4 8 0 0 . 7 3 2 1 9 0 . 1 3 5
500 Na+1 4 . 7 5 4 E - 0 3 4 . 3 9 8 E - 0 3 - 2 . 3 5 6 7 7 0 . 9 2 5 0 3 0 . 0 3 4
770 H4S104 2 . 8 6 5 E - 0 3 2 . 868E- 03 - 2 . 5 4 2 3 9 1 . 0 0 1 2 6 - 0 . 0 0 1
800 Sr+2 I . 0 2 4 E - 0 7 7 . 496E- 08 - 7 . 1 2 5 1 7 0 . 7 3 2 1 9 0 . 1 3 5
950 Zn+2 4 , 694E- 07 3 . 4 3 7 E - 0 7 - 6 . 4 6 3 8 7 0 . 7 3 2 1 9 0 . 1 3 5
Type I I -  OTHER SPECIES IN SOLUTION OR ADSORBED
ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
3 3 0 2 7 0 1 HF2 - 1 . 8 1 0 E - 1 1 1 . 6 7 4 E - 1 1 - 1 0 . 7 7 6 2 4 0 . 9 2 5 0 3 3 . 6 4 9
3302 7 0 2 H2F2 AQ 5 . 4 4 5 E - 1 6 5 . 4 5 2 E - 1 6 - 1 5 . 2 6 3 4 5 1 . 0 0 1 2 6 6 . 7 6 7
1 0 0 7 3 2 0 BAS 04 6 . 7 4 4 E - 0 9 6 . 7 5 3 E - 0 9 - 8 . 1 7 0 5 2 1 . 0 0 1 2 6 2 . 7 1 9
80 0 7 3 2 0 5RS04 3 . 9 5 6 E - 1 0 3 . 9 6 1 E - 1 0 - 9 . 4 0 2 2 5 1 . 0 0 1 2 6 1 . 8 5 9
33 0 0 0 2 0 OH- 1 . 920E- 07 1 . 7 7 6 E - 0 7 - 6 . 7 5 0 5 0 0 . 9 2 5 0 3 - 1 4 . 3 5 7
33 0 7 7 0 0 H3SI04 - 8 , 5 5 8E- 06 7 . 917E- 06 - 5 . 1 0 1 4 6 0 . 9 2 5 0 3 - 1 0 . 1 6 5
33 0 7 7 0 1 H2SI04 - 2 2 . 2 5 0 E - 1 0 1 . 647E- 10 - 9 . 7 8 3 2 2 0 . 7 3 2 1 9 - 2 2 . 3 8 5
702700 IF6 - 2 2 . 7 3 6 E - 2 3 2 . 0 0 3 E - 2 3 - 2 2 . 6 9 8 2 7 0 . 7 3 2 1 9 3 0 . 7 9 4
46 0 3 3 0 0 MGOH + 1 . 9 2 0 E - 1 0 1 . 7 7 6 E - 1 0 - 9 . 7 5 0 4 9 0 . 9 2 5 0 3 - 1 2 . 2 0 2
46 0 2 7 0 0 MG F + 1 . 534E- 07 1 . 419E- 07 - 6 . 8 4 7 9 7 0 . 9 2 5 0 3 1 . 7 1 6
46 0 1400 MGC03 AQ 2 . 3 2 4 E - 0 8 2 . 327E- 08 - 7 . 6 3 3 2 8 1 . 0 0 1 2 6 2 . 9 0 2
4601401 MGHC03 + 2 . 199E- 07 2 . 034E- 07 — 6 . 6 9 1 6 6 0 . 9 2 5 0 3 1 1 . 5 1 8
46 0 7 3 2 0 MGS04 AQ 8 . 2 5 0 E - 0 8 8 . 2 6 0 E - 0 8 - 7 . 0 8 3 0 2 1 . 0 0 1 2 6 2 . 2 0 8
15 0 0020 CAOH + 7 . 2 3 3 E - 1 0 6 . 691E- 10 - 9 . 1 7 4 5 3 0 . 9 2 5 0 3 - 1 2 . 9 9 2
1501400 CAHC03 + 3 . 4 0 7 E - 0 6 3 . 1 5 2 E - 0 6 - 5 . 5 0 1 4 6 0 . 9 2 5 0 3 1 1 . 3 4 3
1501401 CAC03 AQ 7 . 7 4 7 E - 0 7 7 . 7 5 6 E - 0 7 - 6 . 1 1 0 3 5 1 . 0 0 1 2 6 3 . 0 6 0
15 0 7320 CAS04 AQ 1 . 9 9 6 E - 0 6 1 . 998E- 06 - 5 . 6 9 9 3 4 1 . 0 0 1 2 6 2 . 2 2 6
1502 7 0 0 CAF + 4 . 982E- 07 4 . 608E-07 - 6 . 3 3 6 4 4 0 . 9 2 5 0 3 0 . 8 6 2
50 0 1 4 0 0 NAC03 - 1 . 9 6 6 E - 0 7 1 . 8 1 8 E - 0 7 - 6 . 7 4 0 3 0 0 . 9 2 5 0 3 1 . 0 3 2
50 0 1 4 0 1 NAHC03 AQ 5 . 0 2 6 E - 0 6 5 . 032E- 06 - 5 . 2 9 8 2 7 1 . 0 0 1 2 6 1 0 . 0 7 9
50 0 7 3 2 0 NAS04 - 1 . 6 1 1 E - 0 6 1 . 4 9 0 E - 0 6 - 5 . 8 2 6 7 8 0 . 9 2 5 0 3 0 . 7 0 1
50 0 2 7 0 0 NAF AQ 2 . 9 9 9 E - 0 7 3 . 003E-07 - 6 . 5 2 2 5 0 1 . 0 0 1 2 6 - 0 . 7 9 1
4 1 0 7 3 2 0 KS04 - 9 . 566E- 08 8 . 849E-08 - 7 . 0 5 3 1 2 0 . 9 2 5 0 3 0 . 7 9 0
4 4 0 7 3 2 0 LIS04 - 2 . l l l E - 0 8 1 . 953E-08 - 7 . 7 0 9 3 6 0 . 9 2 5 0 3 0 . 6 7 4
8 0 0 0 0 2 0 SROH + 8 . 7 9 7 E - 1 4 8 . 138E-14 - 1 3 . 0 8 9 4 9 0 . 9 2 5 0 3 - 1 3 . 5 7 0 N)Wo\
ID NAME CALC MOL ACTIVITY LOG ACTVTY GAMMA NEW LOGK
1 0 0 0 0 2 0 BAOH + 1 . 3 1 4 E - 1 3 1 . 2 1 5 E - 1 3 - 1 2 . 9 1 5 4 0 0 . 9 2 5 0 3 - 1 3 . 7 6 8
9 5 0 1800 ZNCL + 6 . 3 6 5 E - 1 0 5 . 888 E- 1 0 - 9 . 2 3 0 0 3 0 . 9 2 5 0 3 0 . 2 3 5
9501801 ZNCL2 AQ 6 . 3 3 1 E - 1 3 6 . 3 3 9 E - I 3 - 1 2 . 1 9 8 0 1 1 . 0 0 1 2 6 0 . 2 0 0
9501802 ZNCL3 - 7 . 7 1 9 E - 1 6 7 . 1 4 0 E - I 6 - 1 5 . 1 4 6 2 8 0 . 9 2 5 0 3 0 . 2 5 3
9501803 ZNCL4 - 2 4 . 7 8 4 E - 1 9 3 . 5 0 3 E - I 9  , - 1 8 . 4 5 5 5 4 0 . 7 3 2 1 9 0 . 0 1 2
9 502 7 0 0 ZNF + 1 . 9 0 1 E - 0 9 1 . 7 5 8 E - 0 9 - 8 . 7 5 4 8 7 0 . 9 2 5 0 3 1 . 1 1 9
9500 0 2 0 ZNOH + 7 . 1 7 6 E - 0 9 6 . 638E- 09 - 8 . 1 7 7 9 5 0 . 9 2 5 0 3 - 9 . 3 2 0
9 5 0 0021 ZN(0H)2 AQ 8 . 2 4 9 E - 0 9 8 . 2 6 0 E - 0 9 - 8 . 0 8 3 0 4 1 . 0 0 1 2 6 - 1 6 . 9 0 0
9500022 ZN(0H)3 - 1 . 2 3 2 E - 1 2 1 . 1 4 0 E - 1 2 - 1 1 . 9 4 3 1 2 0 . 9 2 5 0 3 - 2 8 . 3 6 5
9 500023 ZN(0H)4 - 2 6 . 7 7 9 E - 1 B 4 . 964E- 18 - 1 7 . 3 0 4 2 0 0 . 7 3 2 1 9 - 4 1 . 2 6 5
9501804 ZNOHCL AQ 5 . 3 5 1 E - 1 0 5 . 3 5 7 E - 1 0 - 9 . 2 7 1 0 5 1 . 0 0 1 2 6 - 7 . 4 8 1
9507320 ZNS04 AQ 5 . 352E- 09 5 . 359E- 09 - 8 . 2 7 0 9 4 1 . 0 0 1 2 6 2 . 3 2 9
9507321 ZN( 3 0 4 ) 2 - 2 4 . 7 5 7 E - 1 2 3 . 4 8 3 E - 1 2 - 1 1 , 4 5 8 0 2 0 . 7 3 2 1 9 3 . 4 1 5
9501400 ZNHC03 + 1 . 7 7 2 E - 0 8 1 . 6 3 9 E - 0 8 - 7 . 7 8 5 3 7 0 . 9 2 5 0 3 1 1 . 7 3 4
9 501401 ZNC03 AQ 8 . 2 0 5 E - 0 8 8 . 2 1 6 E - 0 8 - 7 . 0 8 5 3 7 1 . 0 0 1 2 6 4 . 7 5 9
9501402 ZN(C03)2 - 2 3 . 4 5 6 E - 0 8 2 . 530E- 08 - 7 . 5 9 6 8 6 0 . 7 3 2 1 9 9 . 7 6 5
3 3 0 1400 HC03 - 2 . 876E- 03 2 . 661E- 03 - 2 . 5 7 5 0 0 0 . 9 2 5 0 3 1 0 . 4 8 0
3 301 4 0 1 H2C03 AQ 1 . 132E-04 I . 1 3 4 E - 0 4 - 3 . 9 4 5 4 2 1 . 0 0 1 2 6 1 6 . 7 1 6
3307320 HS04 - 1 . 2 8 2 E - 1 0 1 . I 8 6 E - 1 0 - 9 . 9 2 5 9 6 0 . 9 2 5 0 3 1 . 8 8 5
3302700 HF AQ 1 . 125E- 08 1 . 126E- 08 - 7  . 9 4 8 4 7 1 . 0 0 1 2 6 3 . 0 6 7
Type I I I  -  SPECIES WITH FIXED ACTIVITY
ID NAME CALC MOL LOG MOL NEW LOGK DH
2 H20 - 2 . 171E- 07 - 6 . 6 6 3 0 . 0 0 0 0 . 0 0 0
330 H+1 - 3 . 103E- 03 - 2 . 5 0 8 7 . 640 0 . 0 0 0
Type VI -  EXCLUDED SPECIES ( no t i n c l u d e d  i n  mol e  b a l a n c e )
ID NAME CALC MOL LOG MOL NEW LOGK DH
3301403 C 0 2 (GAS ) 3 . 2 6 7 E - 0 3 - 2 . 4 8 6 1 8 . 1 7 6 - 0 . 5 3 0
toK)
PART 4 of OUTPUT FILE
Zn+2
PERCENTAGE DISTRIBUTION OF COMPONENTS AMONG 
TYPE I and TYPE I I  ( d i s s o l v e d  and a d s o r be d)  s p e c i e s
7 4 . 8 PERCENT BOUND IN SPECIES # 950 Zn+2
1 . 1 PERCENT BOUND IN SPECIES # 9 5 0 0 0 2 0 ZNOH +
1 . 3 PERCENT BOUND IN SPECIES #9500021 ZN(0H)2 AQ
2 . 8 PERCENT BOUND IN SPECIES #9 5 0 1 4 0 0 ZNHC03 +
1 3 . 1 PERCENT BOUND IN SPECIES #9501401 ZNC03 AQ
5 . 5 PERCENT BOUND IN SPECIES #9501402 ZN( C03) 2 - 2
C03-2
9 5 . 7 PERCENT BOUND IN SPECIES # 3 3 0 1 4 0 0 HC03 -
3 . 8 PERCENT BOUND IN SPECIES # 3301401 H2C03 AQ
F-1
9 9 . 8 PERCENT BOUND IN SPECIES # 270 F-1
C l - 1
1 0 0 . 0 PERCENT BOUND IN SPECIES # 180 C l - 1
N02- 1
1 0 0 . 0 PERCENT BOUND IN SPECIES # 491 N02- 1
S 0 4 - 2
9 6 . 3 PERCENT BOUND IN SPECIES # 732 S 0 4 - 2
1 . 9 PERCENT BOUND IN SPECIES # 1507320 CAS 04 AQ
1 . 6 PERCENT BOUND IN SPECIES # 5 0 0 7 3 2 0 NAS04 -
Ba+2
9 7 . 3 PERCENT BOUND IN SPECIES # 100 Ba+2
2 . 7 PERCENT BOUND IN SPECIES # 1 0 0 7 3 2 0 BAS 04
Ca+2
9 7 . 1 PERCENT BOUND IN SPECIES # 150 Ca+2
1 . 5 PERCENT BOUND IN SPECIES #1501400 CAHC03 +
K+1
1 0 0 . 0 PERCENT BOUND IN SPECIES # 410 K+1
Li  + 1
1 0 0 . 0 PERCENT BOUND IN SPECIES # 440 Li+1
Mg+2
9 5 . 2 PERCENT BOUND IN SPECIES # 460 Mg+2
1 . 5 PERCENT BOUND IN SPECIES #4602700 MGF +
2 . 2 PERCENT BOUND IN SPECIES #4601401 MGHC03 + ww
oo





9 9 . 9 PERCENT BOUND IN SPECIES # 500
9 9 . 7 PERCENT BOUND IN SPECIES # 770
9 9 . 6 PERCENT BOUND IN SPECIES # 800
8 8 . 4 PERCENT BOUND IN SPECIES # 3 3 0 0 0 2 0
3 . 3 PERCENT BOUND IN SPECIES # 9 5 0 0 0 2 0
7 . 6 PERCENT BOUND IN SPECIES #9500 0 2 1
9 2 . 7 PERCENT BOUND IN SPECIES # 3 3 0 1 4 0 0

































C l - 1
N02- 1














6 . 2 7 5 E - 0 7  1 0 0 . 0
3 . 0 0 5 E - 0 3  1 0 0 . 0
4 . 5 6 1 E - 0 4  1 0 0 . 0
1 . 1 6 6 E - 0 3  1 0 0 . 0
3 . 0 4 5 E - 0 6  1 0 0 . 0
1 . 0 3 4 E - 0 4  1 0 0 . 0
2 . 4 7 7 E - 0 7  1 0 0 . 0
2 . 2 8 7 E - 0 4  1 0 0 . 0
2 . 3 0 0 E - 0 4  1 0 0 . 0
6 . 6 3 3 E - 0 5  1 0 0 . 0
1 . 0 0 4 E - 0 5  1 0 0 . 0
4 . 7 6 1 E - 0 3  1 0 0 . 0
2 . 8 7 3 E - 0 3  1 0 0 . 0
1 . 0 2 8 E - 0 7  1 0 0 . 0
2 . 1 7 1 E - 0 7  1 0 0 . 0
3 . 1 0 3 E - 0 3  1 0 0 . 0
MASS DISTRIBUTION - 
SORBED 
MOL/KG PERCENT
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
PRECIPITATED 
MOL/KG PERCENT 
O.OOOE-01 0 , 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-01 0 . 0
O.OOOE-Ol 0 . 0
O.OOOE-01 0 . 0
Charge  B a l a n c e :  SPECIATED
Sum o f  CATIONS = 5 . 5 1 9 E - 0 3  Sum o f  ANIONS
PERCENT DIFFERENCE = 7 . 7 8 7 E + 0 0
NON-CARBONATE ALKALINITY 
EQUILIBRIUM IONIC STRENGTH (m) = 
EQUILIBRIUM pH




4 . 7 2 2 E - 0 3
(ANIONS -  CATIONS)/ (ANIONS + CATIONS) 
1 . 673E-Û7  




S a t u r a t i o n  i n d i c e s  and  
ID # NAME
6 015000  ANHYDRITE
5 015000  ARAGONITE
5046000  ARTINITE 
4 210000  BAF2 
6 0 1 0001  BARITE (A) 
6010000  BARITE 
2 0 4 6 0 0 0  BRUCITE
5015001  CALCITE 
6080000  CELESTITE
2 0 7 7 0 0 0  CHALCEDONY 
8 6 4 6000  CHRYSOTILE 
8 2 4 6 0 0 0  CLINOENSTITE
2 0 7 7 0 0 1  CRISTOBALITE 
8 2 1 5000  DIOPSIDE
5 0 1 5 0 0 2  DOLOMITE 
6 0 4 6 0 0 0  EPSOMITE
8 646003  SEPIOLITE(C)  
4 2 1 5 0 0 0  FLUORITE 
8 0 4 6 0 0 0  FORSTERITE
6 015001  GYPSUM 
4 150000  HALITE
5 0 1 5 0 0 3  HUNTITE
5 0 4 6001  HYDRMAGNESIT 
8 450000  MAGADIITE
5 0 4 6002  MAGNESITE 
6 050001  MIRABILITE 
3 0 5 0000  NATRON
5 0 4 6 0 0 3  NESQUEHONIE
2 077002  QUARTZ
8 646004  SEPIOLITEO
2 0 7 7 0 0 3  5 1 0 2 (A,GL)
2 0 7 7 0 0 4  SI 02 ( A, PT)  
4 2 8 0000  SRF2 
5 0 8 0000  STRÜNTIANITE
s t o i c h i o m e t r y  
S a t .  I nd e x  
- 3 . 6 9 7  
- 0 . 9 3 3  
- 1 0 . 8 5 7  
- 7 . 7 1 5  
- 1 . 8 5 1  
- 0 . 6 5 6  
- 7 . 4 2 7  
- 0 . 7 5 3  
- 4 . 6 5 6  
1 . 1 1 6  
- 8 . 4 4 1  
- 4 . 3 4 4  
1 . 2 0 7  
- 4 . 3 0 4  
- 2 . 9 5 1  
- 7 . 0 7 0  
- 4 . 0 9 2  
0 . 5 5 5  
- 1 2 . 0 1 6  
- 3 . 3 3 9  
- 6 . 8 7 9  
- 1 1 . 5 6 9  
- 2 4 . 7 9 0  
1 . 7 8 7  
- 2 . 6 8 9  
- 7 . 1 7 9  
- 8 . 3 2 2  
- 5 . 0 8 6  
1 . 6 4 7  
- 6 . 1 5 7  
0 . 6 0 6  
0 . 2 8 3  
- 5 . 3 0 0  
- 3 . 2 5 7
PART 6 o f  OUTPUT FILE _  
o f  a l l  m i n e r a l s  
S t o i c h i o m e t r y
1 .000
1 . 0 0 0







- 2 . 0 0 0  
- 6 . 0 0 0  
- 1 . 0 0 0  
- 2 . 0 0 0  
- 2 . 0 0 0
000
000
- 0 . 5 0 0
1 . 0 0 0










- 2 . 0 0 0
- 0 . 5 0 0
- 2 . 0 0 0
- 2 . 0 0 0
1 . 0 0 0











































































































































[ 1 . 0 0 0 ]  140 [ 5 . 0 0 0 ]
[ - 2 . 0 0 0 ]  330
[
2 . 0 0 0
1 . 00 0
1 . 0 0 0
2 . 0 0 0
7 . 0 0 0
3 . 0 0 0
1 . 00 0  
2 . 0 0 0
[ 4 . 0 0 0
[ - 2 . 0 0 0  
[ 1 . 000
[ 10 . 000  
[ 1 0 . 0 0 0  















[ 1 . 0 0 0 ] 2 
[ - 2 . 0 0 0 ]  330
[ 2 . 0 0 0 ]  770 t - 4 . 0 0 0 ]  330
[ - 4 . 0 0 0 ]  330
6 . 0 0 0 ] 2 
7 . 0 0 0 ]  770
[ 3 . 0 0 0 ]  770 [ - 4 . 0 0 0 ]  330
loU)
ID # NAME S a t .  I n d e x S t o i c h i o m e t r y  i n b r a c k e t s
8646002 TALC - 3 . 8 7 8 [ - 4 . 0 0 0 ] 2 [ 3 . 0 0 0 460 [ 4 . 0 0 0 ] 770 t - 6 . 0 0 0 ] 330
6050002 THENARDITE - 8 . 6 8 8 [ 2 . 0 0 0 ] 500 [ 1 . 0 0 0 732
5050001 THERMONATR - 1 0 . 3 0 3 [ 2 . 0 0 0 ] 500 [ 1 . 0 0 0 140 [ 1 . 0 0 0 ] 2
8215001 TREMOLITE - 6 . 1 1 8 [ - 8 . 0 0 0 ] 2 [ 2 . 0 0 0 150 [ 5 . 0 0 0 ] 460 [ 8 . 0 0 0 ] 770
5 0 1 0000 WITHERITE - 3 . 5 4 4 [ 1 . 0 0 0 ] 100 [ 1 . 0 0 0 140
4195 0 0 0 ZNCL2 - 1 9 . 9 4 2 [ 1 . 0 0 0 ] 950 [ 2 . 0 0 0 180
5095 0 0 0 SMITHSONITE - 1 . 1 7 4 [ 1 . 0 0 0 ] 950 1 1 . 0 0 0 140
5095001 ZNC03, 1H20 - 1 . 5 8 5 [ 1 . 0 0 0 ] 950 [ 1 . 0 0 0 140 [ 1 . 0 0 0 ] 2
5095002 ZNC03 - 1 2 . 1 6 3 [ 1 . 0 0 0 ] 950 [ 1 . 0 0 0 140
5095 0 0 3 ZN50H)6C03)2 - 6 . 8 9 3 [ 5 . 0 0 0 ] 950 [ 2 . 0 0 0 140 [ 6 . 0 0 0 ] 2 [ - 6 . 0 0 0 ] 330
4295000 ZNF2 - 1 2 . 0 8 0 [ 1 . 0 0 0 ] 950 [ 2 . 0 0 0 270
2 0 9 5 0 0 0 ZN(0H)2 (A) - 3 . 6 3 4 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 950 t 2 . 0 0 0 ] 2
20 9 5 0 0 1 ZN(0H)2 (C) - 3 . 3 8 4 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 950 [ 2 . 0 0 0 ] 2
2 0 9 5 0 0 2 ZN(0H)2 (B) - 2 . 9 3 4 t - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 950 [ 2 . 0 0 0 ] 2
2 0 9 5 0 0 3 ZN(0H)2 (G) - 2 . 8 9 4 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 950 t 2 . 0 0 0 ] 2
2 0 9 5004 ZN(0H)2 (E) - 2 . 6 8 4 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 950 t 2 . 0 0 0 ] 2
4 1 9 5001 ZN2(OH)3CL - 8 . 1 7 5 [ - 3 . 0 0 0 ] 330 [  2 . 0 0 0 950 [ 3 . 0 0 0 ] 2 [ 1 . 0 0 0 ] 180
4195002 ZN5(OH)8CL2 - 1 5 . 6 3 4 ( - 8 . 0 0 0 ] 330 f 5 . 0 0 0 950 [ 8 . 0 0 0 ] 2 [ 2 . 0 0 0 ] 180
6095000 ZN2(OH)2S04 - 9 . 2 8 5 [ - 2 . 0 0 0 ] 330 ( 2 . 0 0 0 950 [ 2 . 0 0 0 ] 2 [ 1 . 0 0 0 ] 732
6095001 ZN4(OH)6S04 - 1 2 . 5 5 3 t - 6 . 0 0 0 ] 330 [ 4 . 0 0 0 950 [ 6 . 0 0 0 ] 2 t 1 . 0 0 0 ] 732
2 0 9 5 0 0 5 ZNO(ACTIVE) - 2 . 4 9 4 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 950 [ 1 . 0 0 0 ] 2
2 09 5 0 0 6 ZINCITE - 2 . 9 6 7 [ - 2 . 0 0 0 ] 330 [  1 . 0 0 0 950 [ 1 . 0 0 0 ] 2
6095002 ZN30(S04)2 - 3 3 . 2 2 9 [ - 2 . 0 0 0 ] 330 [ 3 . 0 0 0 950 [ 2 . 0 0 0 ] 732 t 1 . 0 0 0 ] 2
8 295000 ZNSI03 2 . 8 0 7 [ - 2 . 0 0 0 ] 330 t - 1 . 0 0 0 2 t 1 . 0 0 0 ] 950 [ 1 . 0 0 0 ] 770
8 095000 WILLEMITE - 1 . 2 2 1 [ - 4 . 0 0 0 ] 330 [ 2 . 0 0 0 950 [ 1 . 0 0 0 ] 770
6 095003 ZINCOSITE - 1 4 . 1 7 6 [ 1 . 0 0 0 ] 950 [ 1 . 0 0 0 732
6095004 ZNS04,  1H20 - 1 0 . 3 4 4 [ 1 . 0 0 0 ] 950 [ 1 . 0 0 0 732 ( 1 . 0 0 0 ] 2
6 095005 BIANCHITE - 8 . 8 4 1 [ 1 . 0 0 0 ] 950 [ 1 . 0 0 0 732 t 6 . 0 0 0 ] 2
6 0 9 5006 GOSLARITE - 8 . 5 4 4 t 1 . 0 0 0 ] 950 [ 1 . 0 0 0 732 t 7 . 0 0 0 ] 2
2 0 1 5 0 0 0 LIME - 2 2 . 6 6 7 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 150 [ 1 . 0 0 0 ] 2
2015 0 0 1 PORTLANDITE - 1 2 . 0 8 7 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 150 [ 2 . 0 0 0 ] 2
2 0 4 6001 PERICLASE - 1 2 . 4 4 7 [ - 2 . 0 0 0 ] 330 [ 1 . 0 0 0 460 [ 1 . 0 0 0 ] 2
8 215002 WOLLASTONITE - 4 . 6 2 1 [ - 1 . 0 0 0 ] 2 [ - 2 . 0 0 0 330 [ 1 . 0 0 0 ] 770 [ 1 . 0 0 0 ] 150
8 215003 P-WOLLSTANIT - 5 . 5 1 7 [ - 1 . 0 0 0 ] 2 [ - 2 . 0 0 0 330 t 1 . 0 0 0 ] 770 [ 1 . 0 0 0 ] 150
8015001 CA-OLIVINE - 1 8 . 8 1 8 [ - 4 . 0 0 0 ] 330 [ 1 . 0 0 0 770 [ 2 . 0 0 0 ] 150





8 0 1 5005
8015004  











S a t .  I nd e x  
- 4 5 . 0 6 3  
- 1 2 . 6 5 1  
- 2 1 . 6 9 7  
- 3 2 . 1 7 9  
- 4 . 4 1 5  
- 1 3 . 8 5 6  
- 2 . 7 9 0
S t o i c h i o m e t r y  i n  [ b r a c k e t s ]
[ - 6 . 0 0 0 ] 330 [ 1 . 0 0 0 ] 770 [ 3 . 0 0 0 ] 150 [ 1 . 0 0 0 ] 2
[ - 4 . 0 0 0 ] 330 [ 1 . 0 0 0 ] 770 [ 1 . 0 0 0 ] 150 [ 1 . 0 0 0 ] 460
[ - 1 . 0 0 0 ] 2 [ - 6 . 0 0 0 ] 330 [ 2 . 0 0 0 ] 770 t 2 . 0 0 0 ] 150
[ - 8 . 0 0 0 ] 330 [ 2 . 0 0 0 ] 770 [ 1 . 0 0 0 ] 460 [ 3 . 0 0 0 ] 150
[ 1 . 0 0 0 ] 500 [ 1 . 0 0 0 ] 330 [ 1 . 0 0 0 ] 140
[ 3 . 0 0 0 ] 500 [ 1 . 0 0 0 ] 330 [ 2 . 0 0 0 ] 140 [ 2 . 0 0 0 ] 2






S e c t i o n  F . 2a  
9 8 0 7 2 1 . A l
2 2 . 3 0  MG/ L 0 . 0 0 0  O. OOOOOE- 01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0 . OOOE-01 - 6 . 5 9 y /H+1
100 1 . 7 0 0 E - 0 2 - 6 . 9 1 y / Ba +2
150 7 . 620E+00 - 3 . 7 2 y / Ca+2
2 7 0 7 . 830E+00 - 3 . 3 8 y / F - 1
2 8 1 6 . 1 2 0 E - 0 1 - 4  . 96 y / F e + 3
41 0 9 . 3 60E+00 - 3 . 6 2 y /K+1
44 0 3 . 8 0 0 E - 0 1 - 4 . 2 6 y / L i + 1
460 6 . 1 3 0 E - 0 1 - 4 . 6 0 y /Mg+2
471 9 . 9 0 0 E - 0 2 - 5 . 7 4 y /Mn+3
500 7 . 934E+01 - 2 . 4 6 y / Na + 1
732 5 . 090E+00 - 4 . 2 8 y / S 0 4 - 2
800 1 . OOOE-02 - 6 . 9 4 y / S r + 2
950 6 . 5 0 0 E - 0 2 — 6 . 0 0 y / 2 n + 2
7 7 0 2 . 153E+02 - 2 . 6 5 y / H 4 S i 0 4
180  • 3 . 131E+01 - 3 . 0 5 y / C l - 1
1 4 0 8 . 693E+01 - 6 . 7 8 y / T o t a l  C03
1
330 6 . 5 9 0 0 0 . 0 0 0 0 /H+1
9 8 0 7 2 1 . A2
3 1 . 9 0  MG/L 0 . 0 0 0  O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
150 7 . 390E+00 - 3 . 7 3 y / Ca+2
2 7 0 9 . 120E+00 - 3 . 3 2 y / F - 1
410 1 . 056E+01 - 3 . 5 7 y /K+1
440 5 . 3 0 0 E - 0 1 - 4 . 1 2 y / L i + 1
4 60 3 . 2 7 0 E - 0 1 - 4 . 8 7 y /Mg+2
471 1 . 4 0 0 E - 0 2 - 6 . 5 9 y /Mn+3
500 1 . 013E+02 - 2 . 3 6 y / Na+1
732 8 . 620E+00 - 4 . 0 5 y / S 0 4 - 2
800 8 . OOOE-03 - 7  . 04 y / S r + 2
950 4 . OOOE-02 - 6 . 2 1 y / Zn+2
7 7 0 2 . 979E+02 - 2 . 5 1 y / H 4 S i 0 4
180 3 . 915E+01 - 2 . 9 6 y / C l - 1
3 3 0 0 . OOOE-01 - 6 . 1 9 y /H+1
140 9 . 5 9 2 E + 0 1 - 6 . 3 2 y / T o t a l  C03
2 8 1 5 . OOOE-02 - 6 . 0 5 / F e + 3
1
330 6 . 9 1 0 0 0 . 0 0 0 0 /H+1
235
Section F,2a
9 8 0 7 2 1 . A 3
2 3 . 6 0  MG/L 0 . 0 0 0  O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
3 3 0 0 . OOOE-01 - 7 . 3 7 y / H+1
150 2 . 4 29E+01 - 3 . 2 2 y / Ca+2
2 7 0 1 . 043E+01 - 3 . 2 6 y / F - 1
4 10 9 . 7 5 0 E + 0 0 - 3 . 6 0 y / K+1
4 40 5 . 5 0 0 E - 0 1 - 4  . 1 0 y / L i + 1
460 1 . 0 3 0 E + 0 0 - 4 . 3 7 y /Mg+2
471 2 . 1 7 0 E - 0 1 - 5 . 4 0 y /Mn+3
5 0 0 1 . 134E+02 - 2 .  31 y / Na + 1
732 7 . 7 4 0 E + 0 0 - 4 . 0 9 y / S 0 4 - 2
800 3 . 2 0 0 E - 0 2 - 6 . 4 4 y / S r + 2
950 4 . lOOE-02 - 6 . 2 0 y / Zn+2
7 70 1 . 896E+02 - 2 . 7 0 y / H 4 S i 0 4
180 4 . 2 1 6 E + 0 1 - 2 . 9 2 y / C l - 1
10 0 2 . 4 0 0 E - 0 2 - 6 . 7 6 y / B a + 2
14 0 1 . 3 7 9 E + 0 2 - 5 . 6 4 y / T o t a l  C03
2 8 1 5 . 0 0 0 E - 0 2 - 6 . 0 5 / F e + 3
1
3 3 0 7 . 3 7 0 0 0 . 0 0 0 0 / H+1
9 8 0 7 2 1 . A 4
2 8 . 8 0  MG/L 0 . 0 0 0  O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
3 30 0 . OOOE-01 - 7  . 51 y /H+1
100 1 . 2 0 0 E - 0 2 - 7  . 06 y / Ba + 2
150 1 . l O l E + 0 1 - 3 . 5 6 y / Ca+2
2 70 9 . 7 9 0 E + 0 0 - 3 . 2 9 y / F - 1
4 1 0 8 . 970E+00 - 3  . 64 y /K+1
4 4 0 5 . 3 0 0 E - 0 1 - 4  . 1 2 y / L i  + 1
4 6 0 3 . 5 9 0 E - 0 1 - 4  . 83 y /Mg+2
4 71 4 . 7 0 0 E - 0 2 - 6 . 0 7 y /Mn+3
5 00 1 . 067E+02 - 2 . 3 3 y / Na+1
732 1 . 031E+01 - 3 . 9 7 y / S 0 4 - 2
8 0 0 1 . lOOE-02 - 6 . 9 0 y / S r + 2
950 4 . lOOE-02 - 6 . 2 0 y / Zn+2
7 70 2 . 091E+02 - 2  . 66 y / H 4 S 1 0 4
180 4 . 162E+01 - 2  . 93 y / C l - 1
140 1 . 079E+02 - 5 . 5 9 y / T o t a l  C03
2 81 5 . OOOE-02 - 6 . 0 5 / F e + 3
1
3 3 0 7 . 5 1 0 0 0 . 0 0 0 0 /H+1
236
Section F.2a
9 8 0 7 2 1 . B1
1 8 . 9 0  MG/L 0 . 0 0 0  O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0 . OOOE-01 - 7 . 1 8 y /H+1
150 3 . 470E+00 - 4  . 06 y / Ca+2
2 7 0 4 . OlOE+00 - 3 . 6 8 y / F - 1
4 10 7 . 090E+00 - 3 . 7 4 y / K+1
4 40 3 . 5 0 0 E - 0 1 - 4 . 3 0 y / L i + 1
4 6 0 3 . 4 4 0 E - 0 1 - 4  . 85 y /Mg+2
5 00 5 . 815E+01 - 2 . 6 0 y / Na+1
73 2 6 . 2 9 0 E + 0 0 - 4 . 1 8 y / S 0 4 - 2
800 5 . OOOE-03 - 7 . 2 4 y / S r + 2
950 2 . OOOE-02 - 6 . 5 1 y / Zn+2
7 7 0 1 , 810E+02 - 2 . 7 3 y / H 4 S i 0 4
180 2 . 3 0 3 E + 0 1 - 3 . 1 9 y / C l - 1
492 1 . 4 0 0 E - 0 1 - 5 . 6 5 y / N 0 3 - 1
140 5 . 695E+01 - 6 . 2 3 y / T o t a l  C03
2 8 1 5 . OOOE-02 - 6 . 0 5 / F e + 3
1
3 3 0 7 . 1 8 0 0 0 . 0 0 0 0 / H+1
9 8 0 7 2 1 . B2
2 7 . 1 0  MG/L 0 . 0 0 0  O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0 . OOOE-01 - 7 . 0 3 y /H+1
150 6 . 670E+00 - 3 . 7 8 y / Ca+2
2 7 0 7 . 980E+00 - 3 . 3 8 y / F - 1
410 9 . 160E+00 - 3 . 6 3 y /K+1
4 40 4 . 8 0 0 E - 0 1 - 4 . 1 6 y / L i + 1
4 60 3 . 3 1 0 E - 0 1 - 4  . 87 y /Mg+2
471 1 . 1 9 0 E - 0 1 - 5 . 6 6 y /Mn+3
500 8 . 6 8 3 E + 0 1 - 2 . 4 2 y / Na+1
732 8 . 190E+00 - 4 . 0 7 y / S 0 4 - 2
800 8 . OOOE-03 - 7  . 0 4 y / S r + 2
950 1 . 9 0 0 E - 0 2 - 6 . 5 4 y / Zn+2
7 7 0 2 . 503E+02 - 2 . 5 8 y / H 4 S i 0 4
180 3 . 5 7 6 E + 0 1 - 3 . 0 0 y / C l - 1
140 9 . 592E+01 - 6 . 1 8 y / T o t a l  C03
2 8 1 5 . OOOE-02 - 6 . 0 5 / F e + 3
1




30.40 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
3 3 0 0 . OOOE-01 - 6 . 7 9 y /H+1
30 9 . 8 5 0 E - 0 1 - 4  . 44 y / A l  + 3
1 0 0 3 . 5 0 0 E - 0 2 - 6 . 5 9 y / Ba + 2
1 5 0 1 . 052E+01 - 3 . 5 8 y / Ca+2
2 7 0 9 . 650E+00 - 3 . 2 9 y / F - 1
2 8 1 1 . 0 4 0 E - 0 1 - 5 . 7 3 y / F e + 3
4 10 1 . 022E+01 - 3 . 5 8 y /K+1
4 40 5 . 7 0 0 E - 0 1 - 4 . 0 9 y / L i + 1
4 6 0 5 . 1 5 0 E - 0 1 - 4 . 6 7 y /Mg+2
4 7 1 2 . 8 9 0 E - 0 1 - 5 . 2 8 y /Mn+3
5 0 0 1 . 144E+02 - 2 . 3 0 y / Na+1
8 0 0 1 . 3 0 0 E - 0 2 - 6 . 8 3 y / S r + 2
9 5 0 5 . 0 4 0 E - 0 1 - 5 . 1 1 y / Zn+2
7 7 0 2 . 962E+02 - 2 . 5 1 y / H 4 S i 0 4
1 8 0 3 . 7 0 8 E + 0 1 - 2 . 9 8 y / C l - 1
140 1 . 169E+02 - 6 . 3 8 / T o t a l  C03
1
33 0 6 . 7 9 0 0 0 . 0 0 0 0 /H+1
9 8 0 7 2 1 . B4
3 1 . 1 0  MG/L 0 . 0 0 0  O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0 . OOOE-01 - 7 . 5 4 y /H+1
30 4 . 5 10E+00 - 3 . 7 8 y / A l + 3
100 1 . 6 0 0 E - 0 2 - 6 . 9 3 y / Ba + 2
150 1 . 116E+01 - 3 . 5 6 y / Ca+2
2 7 0 9 . 140E+00 - 3 . 3 2 y / F - 1
2 8 1 1 . 3 1 0 E - 0 1 - 5 . 6 3 y / F e + 3
4 1 0 1 . 063E+01 - 3 . 5 7 y /K+1
4 4 0 5 . 6 0 0 E - 0 1 - 4 . 0 9 y / L i + 1
4 6 0 9 . 2 8 0 E - 0 1 - 4 . 4 2 y /Mg+2
471 8 . 2 0 0 E - 0 2 - 5 . 8 3 y /Mn+3
5 0 0 1 . 056E+02 - 2  . 34 y / Na+1
7 3 2 8 . 690E+00 - 4  . 04 y / S 0 4 - 2
800 1 . 4 0 0 E - 0 2 - 6 . 8 0 y / S r + 2
950 2 . 310E+00 - 4 . 4 5 y / Zn+2
7 7 0 2 . 685E+02 - 2 . 5 5 y / H 4 S i 0 4
180 3 . 776E+01 - 2 . 9 7 / C l - 1
140 9 . 592E+01 - 5 . 6 1 y / T o t a l  C03
1




23.10 MG/L 0.000 O.OOOOOE-01 
1 
0
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.43 y /H+1150 9.820E-01 -4.61 y /Ca+2270 7.210E+00 -3.42 y /F-1410 1.118E+01 -3.54 y /K+1440 6.700E-01 -4.02 y /Li+1460 6.900E-02 -5.55 y /Mg+2500 9.810E+01 -2.37 y /Na+1732 8.310E+00 -4.06 y /S04-2
800 1.OOOE-03 -7.94 y /Sr+2
950 1.700E-02 — 6.58 y /Zn+2770 2.071E+02 -2.67 y /H4Si04180 4.739E+01 -2.87 y /Cl-1
492 2.200E-01 -5.45 y /N03-1
140 1.019E+02 -5.70 y /Total C03-2 alkali281 5.OOOE-02 -6.05 /Fe+3
1
330 7.4300 0.0000 /H+1
980721.C2
29.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 O.OOOE-01 -7.31 y /H+1
30 5.600E-02 -5.68 y /Al+3
150 5.620E+00 -3.85 y /Ca+2
270 8.180E+00 -3.37 y /F-1
410 9.590E+00 -3.61 y /K+1
440 6.lOOE-Ol — 4 . 06 y /Li+1
460 2 .270E-01 -5.03 y /Mg+2
500 1.011E+02 -2.36 y /Na+1
732 9.810E+00 -3 . 99 y /S04-2
800 6.OOOE-03 -7.16 y /Sr+2
950 8 .200E-02 -5.90 y /Zn+2
770 2.527E+02 -2.58 y /H4Si04
180 4.676E+01 -2 .88 y /Cl-1
492 1.400E-02 -6.65 y /N03-1
140 1.019E+02 -5.83 y /Total C03-2 alkali
281 5.OOOE-02 -6.05 /Fe+3
1




28.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 O.GOOE-01 -7.29 y /H+1100 1.lOOE-02 -7.10 y /Ba+2150 1.150E+00 -4.54 y /Ca+2270 1.052E+01 -3.26 y /F-1410 9.050E+00 -3.64 y /K+1440 5.500E-01 -4.10 y /Li+1460 9.500E-02 -5.41 y /Mg+2471 1.600E-02 -6.54 y /Mn+3500 1.119E+02 -3.28 y /Na+1732 9.210E+00 -4.02 y /S04-2
800 1.OOOE-03 -7.94 y /Sr+2950 2.900E-02 -6.35 y /Zn+2
770 2.427E+02 -2.60 y /H4Si04
180 4.138E+01 -2.93 y /Cl-1
140 1.379E+02 -5.73 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1
330 7.2900 0.0000 /H+1
980721.C4
29.40 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.45 y /H+1
100 1.500E-Ô2 -6.96 y /Ba+2
150 2.160E+00 -4.27 y / Ca+2
270 1.llOE+01 -3.23 y /F-1
410 9.410E+G0 -3.62 y /K+1
440 5.700E-01 — 4.09 y /Li+1
460 2 .230E-01 -5.04 y /Mg+2
471 2.800E-02 -6.29 y /Mn+3
500 1.125E+02 -2.31 y /Na+1
732 9.040E+00 -4.03 y /S04-2
800 3.OOOE-03 -7.47 y /Sr+2
950 1.980E-01 -5.52 y /Zn+2
770 2.815E+02 -2.53 y /H4Si04
180 4.122E+01 -2.93 y /Cl-1
140 1.139E+02 -5.63 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




25.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 O.OOOE-01 -8.29 y /H+1150 4.680E+00 -3.93 y /Ca+2270 5.220E+00 -3.56 y /F-1410 5.710E+00 -3.84 y /K+1440 4.300E-01 -4.21 y /Li+1460 4.790E-01 -4.71 y /Mg+2500 4.376E+01 -2.72 y /Na+1800 5.OOOE-03 -7.24 y /Sr+2950 2.700E-02 -6.38 y /Zn+2770 1.845E+02 -2.72 y /H4Si04
180 2.582E+01 -3.14 y /Cl-1140 3.597E+01 -5.27 y /Total C03281 5.OOOE-02 -6.05 /Fe+3
1
330 8.2900 0.0000 /H+1
980721.ISC-B: temperature and pH not measured
980721.ISC-C
22.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 f-8.13 y /H+1
30 8.400E-02 -5.51 y /Al + 3
150 4.9B0E+00 -3.91 y /Ca+2
270 4.660E+00 -3.61 y /F-1
410 5.250E+00 -3.87 y /K+1
440 3.200E-01 -4 . 34 y /Li+1
460 4.890E-01 -4.70 y /Mg+2
500 4.015E+01 -2.76 y /Na+1
732 5.080E+00 -4 .28 y /S04-2
800 5.000E-03 -7.24 y /Sr+2
950 6.200E-02 -6.02 y /Zn+2
770 1.474E+02 -2 .81 y /H4S104
180 2.144E+01 -3.22 y /Cl-1
140 3.597E+01 -5.43 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




20.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 — 6.69 y /H+1150 4.200E+00 -3.98 y /Ca+2270 6.030E+00 -3.50 y /F-1410 7.980E+00 -3.62 y /K+1440 3.lOOE-01 -4.35 y /Li+1460 3.170E-01 -4.88 y /Mg+2471 6.000E-03 -6.96 y /Mn+3500 6.526E+01 -2.46 y /Na+1732 8.850E+00 -4 . 04 y /S04-2800 5.OOOE-03 -7.24 y /Sr+2950 1.lOOE-02 -6.77 y /Zn+2770 2.143E+02 -2 . 65 y /H4Si04180 2.848E+01 -3.10 y /Cl-1140 5.995E+01 -6.80 y /Total C03281 5.OOOE-02 -6.05 /Fe+3
1
330 6.6900 0.0000 /H+1
980822 .A2
29.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7 . 06 y /H+1
150 7 .260E+00 -3.74 y /Ca+2
270 9.230E+00 -3.31 y /F-1
410 9.770E+Q0 -3.60 y /K+1
440 4.600E-01 -4.18 y /Li+1
460 1.580E-01 -5.19 y /Mg+2
471 1.OOOE-02 -6.74 y /Mn+3
500 9.946E+01 -2.36 y /Na+1
732 5.730E+00 -4.22 y /S04-2
800 6.OOOE-03 -7.16 y /Sr+2
950 1.400E-02 -6.67 y /Zn+2
770 2.863E+02 -2.53 y /H4Si04
180 4.524E+01 -2.89 y /Cl-1
140 1.049E+02 -6.10 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




20.00 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.33 y /H+1100 1.800E-02 — 6.88 y /Ba+2150 1.248E+01 -3.51 y /Ca+2270 1.004E+01 -3.28 y /F-1410 8.730E+00 -3.65 y /K+1440 5.OOOE-01 -4.14 y /Li+1460 5.860E-01 -4 . 62 y /Mg+2471 1.190E-01 -5.66 y /Mn+3
500 1.107E+02 -2.32 y /Na+1
732 9.130E+00 -4 . 02 y /S04-2800 1.500E-02 -6.77 y /Sr+2950 1.200E-02 -6.74 y /Zn+2770 1.978E+02 -2 . 69 y /H4Si04180 4 .755E+01 -2.87 y /Cl-1
140 1.061E+02 -5.80 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1
330 7.3300 0.0000 /H+1




18.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -6.99 y /H+1150 2.880E+00 -4 .14 y /Ca+2270 5.320E+00 -3.55 y /F-1410 6.790E+00 -3.76 y /K+1440 3.lOOE-01 -4 . 35 y /Li+1460 2.960E-01 -4.91 y /Mg+2471 6.OOOE-03 -6.96 y /Mn+3500 4.869E+01 -2.67 y /Na+1732 7.360E+00 -4.12 y /S04-2800 4.OOOE-03 -7.34 y /Sr+2950 1.700E-02 -6.58 y /Zn+2770 1.608E+02 -2.78 y /H4Si04180 2.456E+01 -3.16 y /Cl-1
492 1.400E-01 -5.65 y /N03-1140 4.796E+01 -6.53 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1
330 6.9900 0.0000 /H+1
980822.B2
27.80 MG/L 
1 0  1 0  0 0
0
0.000 




330 0.OOOE-01 — 6.86 y /H+1
150 6.080E+00 -3.82 y /Ca+2
270 7.670E+00 -3.39 y /F-1
281 1.160E-01 -5.68 y /Fe+3
410 8.730E+00 -3.65 y /K+1
440 4.600E-01 -4.18 y /Li+1
460 2.970E-01 -4.91 y /Mg+2
471 8.400E-02 -5.82 y /Mn+3
500 8.683E+01 -2.42 y /Na+1
732 7 .580E+00 -4.10 y /S04-2
800 7.OOOE-03 -7.10 y /Sr+2
950 2.300E-02 -6.45 y /Zn+2
770 2.403E+02 -2 . 60 y /H4Si04
180 4.229E+01 -2.92 y /Cl-1
140 8.753E+01 -6.42 y /Total C03
1




29.00 MG/L 0.000 O.OOOOOE-01
0 1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -6.91 y /H+1150 9.590E+00 -3.62 y /Ca+227-0 9.390E+00 -3.31 y /F-1281 5.200E-01 -5.03 y /Fe+3410 9.070E+00 -3.63 y /K+1440 4.600E-01 -4 .18 y /Li+1460 2.320E-01 -5.02 y /Mg+2471 4.060E-01 -5.13 y /Mn+3500 1.002E+02 -2-36 y /Na+1
800 1.200E-02 — 6.86 y /Sr+2
950 1.800E-02 -6.56 y /Zn+2770 2.808E+02 -2.53 y /H4Si04
180 4.197E+01 -2.93 y /Cl-1
140 9.892E+01 -6.31 y /Total C03
1
330 6.9100 0.0000 /H+1
980822.B4
25.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -6.97 y /H+1
150 7.190E+00 -3.75 y /Ca+2
270 9.370E+00 -3.31 y /F-1
281 1.520E-01 -5.57 y /Fe+3
410 8.500E+00 -3.66 y /K+1
440 4.700E-01 -4.17 y /Li+1
460 2.180E-01 -5.05 y /Mg+2
471 7.400E-02 -5.87 y /Mn+3
500 9.710E+01 -2.37 y /Na+1
732 8.410E+00 -4.06 y /S04-2
800 8.OOOE-03 -7 . 04 y /Sr+2
950 3.OOOE-02 -6.34 y /Zn+2
770 2.513E+02 -2.58 y /H4Si04
180 4.295E+01 -2.92 y /Cl-1
140 9.652E+01 -6.25 y /Total C03
1




21.30 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7 .49 y /H+1150 1.190E+00 -4.53 y /Ca+2270 7.340E+00 -3.41 y /F-1410 1.117E+01 -3.54 y /K+1440 6.OOOE-01 — 4 . 06 y /Li + 1460 1.200E-01 -5.31 y /Mg+2500 9.682E+01 -2.38 y /Na+1732 7.780E+00 -4.09 y /S04-2800 2.OOOE-03 -7.64 y /Sr+2950 3.200E-02 -6.31 y /Zn+2
770 2.030E+02 -2 . 68 y /H4Si04180 5.420E+01 -2.82 y /Cl-1
492 2.lOOE-01 -5.47 y /N03-1
140 8.393E+01 -5.72 y /Total C03
281 5.000E-02 -6.05 /Fe+3
1
330 7.4900 0.0000 /H+1
980822.C2
31.10 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.24 y /H+1
150 5.570E+00 -3 . 86 y /Ca+2
270 8.480E+00 -3 . 35 y /F-1
410 8.870E+00 -3 . 64 y /K+1
440 5.600E-01 -4.09 y /Li+1
460 2.820E-01 -4 . 94 y /Mg+2
471 2.700E-02 -6.31 y /Mn+3
500 1.007E+02 -2.36 y /Na+1
732 9.360E+00 -4 . 01 y /S04-2
800 6.000E-03 -7.16 y /Sr+2
950 1.300E-02 -6.70 y /Zn+2
770 2.342E+02 -2 . 61 y /H4Si04
180 5.511E+01 -2 . 81 y /Cl-1
492 1.400E-01 -5.65 y /N03-1
140 9.472E+01 -5 . 94 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




22.80 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.03 y /H+1150 1,290E+00 -4.49 y /Ca+2270 9.880E+00 -3.28 y /F-1410 9.200E+00 -3.63 y /K+1440 5.200E-01 -4.13 y /Li+1460 1.440E-01 -5.23 y /Mg+2471 2.300E-02 -6.38 y /Mn+3500 1.109E+02 -2.32 y /Na+1732 8.350E+00 -4.06 y /S04-2800 1.OOOE-03 -7 . 94 y /Sr+2950 1.800E-02 — 6.56 y /Zn+2770 2.451E+02 -2.59 y /H4Si04180 4.719E+01 -2.88 y /Cl-1140 1.079E+02 -6.13 y /Total C03281 5.OOOE-02 -6.05 /Fe+3
1
330 7.0300 0.0000 /H+1
980822.C4
26.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.08 y /H+1
150 2 .200E+00 -4.26 y /Ca+2
270 9.730E+00 -3.29 y /F-1
410 9.880E+00 -3.60 y /K+1
440 5.lOOE-01 -4.13 y /Li + 1
460 1.170E-01 -5.32 y /Mg+2
471 1.200E-01 -5.66 y /Mn+3
500 1.024E+02 -2.35 y /Na+1
732 8.630E+00 -4.05 y /S04-2
800 2.OOOE-03 -7.64 y /Sr+2
950 1.900E-02 -6.54 y /Zn+2
770 2.757E+02 -2.54 y /H4Si04
180 4.556E+01 -2.89 y /Cl-1
140 9.592E+01 -6.12 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




22.80 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.29 y /H+1150 4.560E+00 -3 . 94 y /Ca+2270 5.470E+00 -3 . 54 y /F-1410 5.550E+00 -3.85 y /K+1440 3.200E-01 -4 . 34 y /Li+1460 4.620E-01 -4 . 72 y /Mg+2500 4.393E+01 -2.72 y /Na+1800 4.OOOE-03 -7.34 y /Sr+2950 3.300E-02 -6.30 y /Zn+2770 1.488E+02 -2 . 81 y /H4Si04180 3.OllE+01 -3.07 y /Cl-1140 3.897E+01 -5,24 y /Total C03281 5.OOOE-02 -6.05 /Fe+3
1
330 8.2900 0.0000 /H+1
980822.ISC-B
21.80 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.19 y /H+1
150 4.680E+00 -3.93 y /Ca+2
270 5.64QE+00 -3.53 y /F-1
410 5.620E+00 -3.84 y /K+1
440 3 .200E-01 -4 .34 y /Li+1
460 4.680E-01 -4.72 y /Mg+2
500 4.388E+01 -2.72 y /Na+1
732 5.090E+00 -4.28 y /S04-2
800 4.OOOE-03 -7 . 34 y /Sr+2
950 2.lOOE-02 -6.49 y /Zn+2
770 1.491E+02 -2.81 y /H4Si04
180 2.962E+01 -3.08 y /Cl-1
140 3.597E+01 -5 .37 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




19.80 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.05 y /H+l150 5.740E+00 -3.84 y /Ca+2270 4.200E+00 -3.66 y /F-l
410 4.020E+00 -3.99 y /K+l
440 1.200E-01 -4.76 y /Li+1460 5.000E-01 -4.69 y /Mg+2471 5.OOOE-03 -7.04 y /Mn+3500 2.221E+01 -3.01 y /Na+1
732 5.490E+00 -4.24 y /S04-2
800 5.OOOE-03 -7.24 y /Sr+2
950 6.OOOE-03 -7.04 y /Zn+2
770 1.lOlE+02 -2.94 y /H4S104
180 1.882E+01 -3.28 y /Cl-1
140 2.758E+01 -5.63 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




13.90 MG/L 0.000 O.OOOOOE-01
1 0  1 0 0 0 0 0 2 0 0 0 0
0 0 0
330 0.OOOE-01 -7.23 y /H+l
270 6.200E+00 -3.49 /F-l
180 2.286E+01 -3.19 y /Cl-1
732 1.002E+01 -3.98 y /S04-2
460 1.070E-01 -5.36 y /Mg+2
500 5.690E-01 -4.61 y /Na+1
800 1.OOOE-03 -7.94 y /Sr+2
140 5.396E+01 -5.13 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
3 1
330 7.2300 0.0000 /H+l
980919.A2
24.10 MG/L 0.000 0.OOOOOE-01
1 0  1 0 0 0 0 0 2 0 0 0 0
0 0 0
330 0.OOOE-01 -7.05 y /H+l
150 7.370E+00 -3.74 y /Ca+2
270 9.160E+00 -3.32 y /F-l
281 7.lOOE-02 -5.90 y /Fe+3
410 9.280E+00 -3.62 y /K+l
440 4.800E-01 -4.16 y /Li+1
460 1.620E-01 -5.18 y /Mg+2
471 8.OOOE-03 -6.84 y /Mn+3
500 9.785E+01 -2.37 y /Na+1
732 7.210E+00 -4.12 y /S04-2
800 7.OOOE-03 -7.10 y /Sr+2
950 6.800E-02 -5.98 y /Zn+2
770 2.866E+02 -2.53 y /H4Si04
180 3.867E+01 -2.96 y /Cl-1
140 l.OOlE+02 -6.14 y /Total C03-
3 1




14.70 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.22 y /H+l100 3.800E-02 -6.56 y /Ba+2150 1.525E+01 -3.42 y /Ca+2270 1.025E+01 -3.27 y /F-l410 9.590E+00 -3.61 y /K+l460 6.890E-01 -4.55 y /Mg+2471 3.400E-02 -6.21 y /Mn+3500 1.062E+02 -2.34 y /Na+1
732 1.004E+01 -3.98 y /S04-2
800 1.900E-02 — 6. 66 y /Sr+2
950 4.700E-02 — 6.14 y /Zn+2
180 4.131E+01 -2.93 y /Cl-1
140 1.103E+02 -5.90 y /Total
281 5.OOOE-02 -6.05 /Fe+3
1
330 7.2200 0.0000 /H+l
980919.A4
13.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7 . 06 y /H+l
100 3.100E-02 -6.65 y /Ba+2
150 1.439E+01 -3.44 y /Ca+2
270 9.750E+00 -3.29 y /F-l
281 8.900E-02 -5.80 y /Fe+3
410 8.860E+00 -3.64 y /K+l
440 4.900E-01 -4.15 y /Li+1
460 4.890E-01 -4.70 y /Mg+2
471 1.220E-01 -5.65 y /Mn+3
500 1.037E+02 -2.35 y /Na+1
732 8.250E+00 -4.07 y /S04-2
800 1.600E-02 -6.74 y /Sr+2
950 7.700E-02 -5.93 y /Zn+2
770 2.167E+02 -2.65 y /H4Si04
180 4.028E+01 -2.94 y /Cl-1
140 1.073E+02 -6.09 /Total C03
1




12.10 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -6.82 y /H+l150 2.600E+00 -4.19 y /Ca+2270 3.840E+00 -3.69 y /F-l410 6.520E+00 -3.78 y /K+l440 2.800E-01 -4.39 y /Li+1460 2.380E-01 -5.01 y /Mg+2500 4.715E+01 -2.69 y /Na+1732 6.840E+00 -4.15 y /S04-2800 3.OOOE-03 -7.47 y /Sr+2950 1.370E-01 -5.68 y /Zn+2770 1.618E+02 -2.77 y /H4Si04180 1,944E+01 -3.26 y /Cl-1
492 2.200E-01 -5.45 y /N03-1140 4.436E+01 -6.77 y /Total C03
281 5.000E-02 -6.05 /Fe+3
1
330 6.8200 0.0000 /H+l
980919.B2
20.00 MG/L 0.000 O.OOOOOE-01 
1 
0
1 0 0 0 0 0 2 0 0 0 0
0 0
330 G.OOOE-01 -7.09 y /H+l100 1.300E-02 -7.02 y /Ba+2
150 6.070E+00 -3.82 y /Ca+2
270 7.530E+00 -3.40 y /F-l
281 1.lOOE-01 -5.71 y /Fe+3
410 8.610E+00 -3.66 y /K+l
440 4.500E-01 -4 . 19 y /Li + 1
460 3.300E-01 -4 . 87 y /Mg+2
471 6.300E-02 -5.94 y /Mn+3
500 8.602E+01 -2.43 y /Na+1
732 7.730E+00 -4.09 y /S04-2
800 7.OOOE-03 -7 .10 y /Sr+2
950 1.260E-01 -5.72 y /Zn+2
770 2.445E+02 -2.59 y /H4S104
180 3.562E+01 -3.00 y /Cl-1
140 8.273E+01 -6.17 /Total C03
1








1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.15 y /H+l150 7.940E+00 -3.70 y /Ca+2270 8.820E+00 -3.33 y /F-l281 4.430E-01 -5.10 y /Fe+3410 8.060E+00 -3.69 y /K+l440 4.500E-01 -4.19 y /Li+1460 2.130E-01 -5.06 y /Mg+2471 3.260E-01 -5.23 y /Mn+3500 9.038E+01 -2.41 y /Na+1800 1.OOOE-02 -6.94 y /Sr+2950 9.lOOE-02 -5.86 y /Zn+2770 2.743E+02 -2.54 y /H4Si04180 3.554E+01 -3.00 y /Cl-1140 9.832E+01 -6.03 y /Total C03
1
330 7.1500 0.0000 /H+l
980919.B4
22.60 MG/L 0.000 O.OOOOOE-Ol
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 — 6.96 y /H+l
150 6.700E+00 -3.78 y /Ca+2
270 9.350E+00 -3.31 y /F-l
281 2.230E-01 -5.40 y /Fe+3
410 8.410E+00 -3.67 y /K+l
440 4.500E-01 -4 . 19 y /Li+1
460 1.600E-01 -5.18 y /Mg+2
471 4.700E-02 -6.07 y /Mn+3
500 9.359E+01 -2.39 y /Na+1
732 8.570E+00 -4.05 y /S04-2
800 7.OOOE-03 -7.10 y /Sr+2
950 6.200E-02 -6.02 y /Zn+2
770 2.585E+02 -2.57 y /H4Si04
180 3.647E+01 -2.99 y /Cl-1
140 9.772E+01 -6.25 y /Total CÔ3
1




19.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.46 y /H+l150 9.490E-01 -4.63 y /Ca+2
270 7.300E+00 -3.42 y /F-l410 1.096E+01 -3.55 y /K+l
440 5.900E-01 -4 . 07 y /Li+1
460 9.600E-02 -5.40 y /Mg+2
500 9.469E+01 -2.39 y /Na+1
732 7.810E+00 -4.09 y /S04-2
800 1.OOOE-03 -7.94 y /Sr+2
950 6.700E-02 -5.99 y /Zn+2
770 2.033E+02 -2.67 y /H4Si04
180 4.587E+01 -2.89 y /Cl-1
140 8.453E+01 -5.75 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1
330 7.4600 0.0000 /H+l
980919.C2
29.60 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 .0 0 0
0 0
330 0.OOOE-01 -7.28 y /H+l
150 5.600E+00 -3.85 y /Ca+2
270 8.350E+00 -3.36 y /F-l
410 9.120E+00 -3.63 y /K+l
440 5.700E-01 -4 . 09 y /Li+1
460 2 .270E-01 -5.03 y /Mg+2
500 9.837E+01 -2.37 y /Na+1
732 9.390E+00 -4.01 y /S04-2
800 6.OOOE-03 -7.16 y /Sr+2
950 7.OOOE-02 -5.97 y /Zn+2
770 2.393E+02 -2.60 y /H4Si04
180 4.685E+01 -2 .88 y /Cl-1
140 9.173E+01 -5.91 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




21.40 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.10 y /H+l150 1.050E+00 -4.58 y /Ca+2270 9.720E+00 -3.29 y /F-l410 9.170E+00 -3.63 y /K+l440 4.800E-01 -4.16 y /Li+1460 6.400E-02 -5.58 y /Mg+2471 3.lOOE-02 -6.25 y /Mn+3500 1.027E+02 -2.35 y /Na+1732 8.630E+00 -4.05 y /S04-2800 1.OOOE-03 -7.94 y /Sr+2950 1.160E-01 -5.75 y /Zn+2770 2.479E+02 -2.59 y /H4Si04
180 4.019E+01 -2.95 y /Cl-1
140 1.229E+02 -5.99 y /Total
281 5.OOOE-02 -6.05 /Fe+3
1
330 7.1000 0.0000 /H+l
980919.C4
24.80 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.GOOE-01 -7.39 y /H+l
150 2.530E+00 -4 .20 y /Ca+2
270 9.750E+00 -3.29 y /F-l
281 1.070E-01 -5.72 y /Fe+3
410 1.OOOE+01 -3.59 y /K+l
440 5.lOOE-01 -4.13 y /Li+1
460 1.050E-01 -5.36 y /Mg+2
471 1.640E-01 -5,53 y /Mn+3
500 1.019E+02 -2.35 y /Na+1
732 8.630E+00 -4.05 y /S04-2
800 3.OOOE-03 -7.47 y /Sr+2
950 5.900E-02 -6.04 y /Zn+2
770 2.739E+02 -2.55 y /H4S104
180 3.885E+01 -2 . 96 y /Cl-1
140 1.07 9E+02 -5,72 y /Total C03-2 alkali
1




17.40 MG/L 0.000 Q.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.25 y /H+l150 4.480E+00 -3.95 y /Ca+2270 5.240E+00 -3.56 y /F-l410 5.930E+00 -3.82 y /K+l440 3.300E-01 -4 . 32 y /Li+1460 4.680E-01 -4.72 y /Mg+2500 4.209E+01 -2.74 y /Na+1800 5.OOOE-03 -7.24 y /Sr+2950 4.500E-02 — 6.16 y /Zn+2770 1.509E+02 -2.80 y /H4Si04180 2.408E+01 -3.17 y /Cl-1140 3.417E+01 -5.33 y /Total C03281 5.OOOE-02 -6.05 /Fe+3
1
330 8.2500 0.0000 /H+l
980919.ISC-B
17.20 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.09 y /H+l
150 4.610E+00 -3.94 y /Ca+2
270 5.180E+00 -3.56 y /F-l
410 5.770E+00 -3.83 y /K+l
440 3.300E-01 -4.32 y /Li+1
460 4.530E-01 -4.73 y /Mg+2
500 4 .290E+01 -2.73 y /Na+1
800 4.OOOE-03 -7 . 34 y /Sr+2
950 7.200E-02 -5.96 y /Zn+2
770 1.467E+02 -2.82 y /H4Si04
180 2.453E+01 -3.16 y /Cl-1
140 3.777E+01 -5.45 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




15.60 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.21 y /H+l150 5.320E+00 -3.88 y /Ca+2
270 4.410E+00 -3.63 y /F-l
281 5.900E-02 -5.98 y /Fe+3410 4.430E+00 -3.95 y /K+l
440 1.700E-01 -4 . 61 y /Li+1
460 4.600E-01 -4.72 y /Mg+2
500 2.764E+01 -2.92 y /Na+1
732 5.640E+00 -4.23 y /S04-2
800 4.OOOE-03 -7.34 y /Sr+2
950 7.500E-02 -5.94 y /Zn+2
770 1.248E+02 -2.89 y /H4Si04
180 1.581E+01 -3.35 y /Cl-1
140 2.878E+01 -5.45 y /Total C03
1
330 8.2100 0.0000 /H+l
Section F.2d
981024.Al - well pulled out by wildlife; not sampled
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981024.A2
21.50 MG/L 0.000 O.OOOOOE-01 
1 
0
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.20 y /H+l150 8.140E+00 -3.69 y /Ca+2270 9.290E+00 -3.31 y /F-l281 9.600E-02 -5.76 y /Fe+3410 1.004E+01 -3.59 y /K+l44 0 4.840E-01 -4.16 y /Li+1460 2.650E-01 -4 . 96 y /Mg+2471 1.800E-02 -6.48 y /Mn+3500 1.092E+02 -2.32 y /Na+1
732 9 .220E+00 -4.02 y /S04-2
800 9.OOOE-03 -6.99 y /Sr+2
950 6.000E-02 — 6.04 y /Zn+2
770 2.877E+02 -2.52 y /H4Si04
180 3.963E+01 -2.95 y /Cl-1
140 1.127E+02 -5.91 y /Total C03-2 alkali
1
330 7.2000 0.0000 /H+l
981024.A3 - well pulled out by wildlife; not sampled 




14.50 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.29 y /H+l150 3.lOOE+00 -4.11 y /Ca+2270 4.310E+00 -3.64 y /F-l410. 7.450E+00 -3.72 y /K+l440 2.930E-01 -4.37 y /Li+1460 3.640E-01 -4.82 y /Mg+2471 1.300E-02 -6.63 y /Mn+3500 5.102E+01 -2.65 y /Na+1
732 7.960E+00 -4.08 y /S04-2800 6.OOOE-03 -7. 16 y /Sr+2950 3.300E-02 -6.30 y /Zn+2770 1.638E+02 -2.77 y /H4Si04
180 1.967E+01 -3.26 y /Cl-1140 4.556E+01 -6.21 y /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1
330 7.2900 0.0000 /H+l
981024.B2
24.10 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 O.OOOE-01 -7.23 y /H+l
150 6.690E+00 -3.78 y /Ca+2
270 7.300E+00 -3 . 42 y /F-l
281 1.820E-01 -5.49 y /Fe+3
410 1.042E+01 -3.57 y /K+l
440 4.670E-01 -4.17 y /Li+1
460 3.310E-01 -4.87 y /Mg+2
471 6.700E-02 -5.91 y /Mn+3
500 9.953E+01 -2.36 y /Na+1
732 8.270E+00 -4 . 07 y /S04-2
800 9.OOOE-03 -6.99 y /Sr+2
950 3.300E-02 -6.30 y /Zn+2
770 2.468E+02 -2.59 y /H4Si04
180 3.701E+01 -2.98 y /Cl-1
140 8.513E+01 -6.00 y /Total C03
1




20.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.26 y /H+l270 8 .210E+00 -3.36 y /F-l180 3.679E+01 -2.98 y /Cl-1732 5.830E+00 -4.22 y /S04-2150 8.420E+00 -3.68 y /Ca+2281 4.850E-01 -5.06 y /Fe+3410 9.OlOE+00 -3.64 y /K+l440 4.620E-01 -4.18 y /Li+1460 2.340E-01 -5.02 y /Mg+2471 3.550E-01 -5.19 y /Mn+3500 1.040E+02 -2.34 y /Na+1770 2.617E+02 -2.56 y /H4Si04
800 1.lOOE-02 -6.90 y /Sr+2
950 5.200E-02 -6.10 y /Zn+2
140 1.OOlE+02 -5.90 y /Total C03
1
330 7.2600 0.0000 /H+l
981024.B4
19.00 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.15 y /H+l
270 9.050E+00 -3.32 /F-l
180 3.743E+01 -2.98 y /Cl-1
732 9.420E+00 -4 . 01 y /S04-2
150 7.750E+00 -3.71 y /Ca+2
281 1.790E-01 -5.49 y /Fe+3
410 9.660E+00 -3.61 y /K+l
440 4.800E-01 -4.16 y /Li+1
460 1.940E-01 -5.10 y /Mg+2
471 2.700E-02 -6.31 y /Mn+3
500 1.057E+02 -2.34 y /Na+1
770 2.469E+02 -2.59 y /H4Si04
800 9.OOOE-03 -6.99 y /Sr+2
950 5.600E-02 -6.07 y /Zn+2
140 9.652E+01 — 6.04 y /Total C03
1





15.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.63 y /H+l270 7.600E+00 -3.40 /F-l
180 4.593E+01 -2.89 y /Cl-1492 1.800E-01 -5.54 y /N03-1732 9.230E+00 -4 . 02 y /S04-230 1.620E-01 -5.22 y /Al+3150 1.390E+00 -4 . 4 6 y /Ca+2281 1.140E-01 -5.69 y /Fe+3410 1.306E+01 -3.48 y /K+l440 6.300E-01 -4 . 04 y /Li+1460 1.230E-01 -5.30 y /Mg+2471 8.OOOE-03 -6.84 y /Mn+3
500 1.085E+02 -2.33 y /Na+1
770 1.997E+02 -2.68 y /H4Si04800 3.OOOE-03 -7.47 y /Sr+2
950 5.800E-02 -6.05 y /Zn+2
140 8.873E+01 -5.55 y /Total C03
1
330 7.6300 0.0000 /H+l
981024.02
0.15 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.39 y /H+l
270 8.450E+00 -3.35 /F-l
180 4.778E+01 -2.87 y /Cl-1
492 1.500E-01 -5.62 y /N03-1
732 1.048E+01 -3.96 y /S04-2
150 6.OlOE+00 -3.82 y /Ca+2
410 1.075E+01 -3.56 y /K+l
440 5.680E-01 -4.09 y /Li+1
460 2.480E-01 -4.99 y /Mg+2
500 1.087E+02 -2.33 y /Na+1
770 2.382E+02 -2.61 y /H4Si04
800 7.OOOE-03 -7.10 y /Sr+2
950 5.300E-02 -6.09 y /Zn+2
140 9.232E+01 -5.79 /Total C03
281 5.OOOE-02 -6.05 /Fe+3
1




15.70 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.21 y /H+l270 9.530E+00 -3.30 /F-l
180 4.056E+01 -2 . 94 y /Cl-1732 9.540E+00 -4 . 00 y /504-2150 1.060E+00 -4.58 y /Ca+2281 6.200E-02 -5.95 y /Fe+3410 1.039E+01 -3.58 y /K+l440 5.140E-01 -4 .13 y /Li+1460 8.200E-02 -5.47 y /Mg+2
471 3.800E-02 -6.16 y /Mn+3
500 1.121E+02 -2.31 y /Na+1
770 2.428E+02 -2.60 y /H4Si04800 2.OOOE-03 -7,64 y /Sr+2950 6.900E-02 -5.98 y /Zn+2
140 9.832E+01 -5.96 y /Total C03
1
330 7.2100 0.0000 /H+l
981024.C4
19.60 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -7.29 y /H+l
270 9.320E+00 -3.31 /F-l
180 4.064E+01 -2 . 94 y /Cl-1
732 9.260E+00 -4.02 y /S04-2
150 3.330E+00 -4 . 08 y /Ca+2
281 1.690E-01 -5.52 y /Fe+3
410 1.123E+01 -3.54 y /K+l
440 4.960E-01 -4.15 y /Li+1
460 1.630E-01 -5.17 y /Mg+2
471 1.970E-01 -5.45 y /Mn+3
500 1.097E+02 -2.32 y /Na+1
770 2.479E+02 -2.59 y /H4Si04
800 4.OOOE-03 -7.34 y /Sr+2
950 6.OOOE-02 — 6.04 y /Zn+2
140 9.832E+01 -5.87 y /Total C03
1




11.80 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.54 y /H+l270 5.190E+00 -3.56 /F-l
180 2.677E+01 -3.12 y /Cl-1732 5,780E+00 -4.22 y /S04-2150 5.180E+00 -3.89 y /Ca+2281 8.300E-02 -5.83 y /Fe+3410 6.480E+00 -3.78 y /K+l440 1.780E-01 -4.59 y /Li+1460 5.580E-01 -4.64 y /Mg+2500 4.750E+01 -2.68 y /Na+1770 7.639E+01 -3.10 y /H4Si04
800 6.OOOE-03 -7 .16 y /Sr+2950 1.610E-01 -5.61 y /Zn+2
140 3.657E+01 -5.01 y /Total C03
1
330 8.5400 0.0000 /H+l
981024.ISC-B
16.40 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 0.OOOE-01 -8.54 y /H+l
270 5.290E+00 -3.56 /F-l
180 2.785E+01 -3.10 y /Cl-1
732 5.930E+00 -4.21 y /S04-2
30 5.lOOE-02 -5.72 y /Al+3
150 4.99ÛE+00 -3.90 y /Ca+2
410 6.450E+00 -3.78 y /K+l
440 7.090E-01 -3.99 y /Li+1
460 5.500E-01 -4.65 y /Mg+2
500 4.742E+01 -2.69 y /Na+1
770 3.122E+02 -2.49 y /H4Si04
800 6.OOOE-03 -7.16 y /Sr+2
950 4.800E-02 -6.13 y /Zn+2
140 3.657E+01 -5.01 y /Total C03
281 5.000E-G2 -6.05 /Fe+3
1




12.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 2 0 0 0 0
0 0
330 O.OOOE-01 -8.29 y /H+l270 3.610E+00 -3.72 /F-l
732 7.470E+00 -4 . 11 y /S04-2150 6.180E+00 -3.81 y /Ca+2410 4.740E+00 -3.92 y /K+l440 1.300E-01 -4.73 y /Li + 1460 5.530E-01 -4.64 y /Mg+2471 6.OOOE-03 -6.96 y /Mn+3500 2.359E+01 -2.99 y /Na+1770 1.138E+02 -2.93 y /H4Si04800 6.OOOE-03 -7.16 y /Sr+2950 3.700E-02 -6.25 y /Zn+2140 2.398E+01 -5.45 y /Total C03281 5.OOOE-02 -6.05 /Fe+3
1
330 8.2900 0.0000 /H+l
264
Section F.3a
981024.Peeper Box A (2 cm below streambed surface 
12.00 MG/L 0.000 O.OOOOOE-Ol
1 0 0 0 0 0 1 0 0 0 0
0 0
330 0.OOOE-01 -7.74 y /H+l140 3.237E+01 -19.95 y /Total C03-2 alkali270 5.420E+00 -3.54 y /F-l180 2.356E+01 -3. 18 y /Cl-1732 5.820E+00 -4.22 y /S04-230 5.300E-02 -5.71 y /Al+3150 5.150E+00 -3.89 y /Ca+2410 5.860E+00 -3.82 y /K+l440 2.580E-01 -4.43 y /Li+1460 5.060E-01 -4.68 y /Mg+2
500 3.947E+01 -2.77 y /Na+1770 1.130E+02 -2.93 y /H4Si04800 6.OOOE-03 -7.16 y /Sr+2
950 4.500E-02 — 6.16 y /Zn+2
1
330 7.7400 0.0000 /H+l
981024.Peeper Box A (4 cm below streambed surface)
10.60 MG/L 
1 0  1 0  0 
0
0 . 000 




330 0.OOOE-01 -7.74 y /H+l
140 4.197E+01 -19.84 y /Total C03
270 5.890E+00 -3.51 y /F-l
180 2.622E+01 -3.13 y /Cl-1
732 6.730E+00 -4 .15 y /S04-2
150 5.410E+00 -3.87 y /Ca+2
410 6.590E+00 -3.77 y /K+l
440 3.180E-01 -4.34 y /Li+1
460 5.170E-01 -4 . 67 y /Mg+2
500 4.556E+01 -2.70 y /Na+1
770 1.370E+02 -2.85 y /H4Si04
800 6.OOOE-03 -7.16 y /Sr+2
950 4.500E-02 -6.16 y /Zn+2
1
330 7.7400 0.0000 /H+l
265
Section F.3a
981024.Peeper Box A (6 cm below streambed surface
10.80 MG/L 0.000 O.OOOOOE-01
1 0  1 0 0 0 0 0 1 0 0 0 0
0 0 0
330 d.OOOE-01 -7.54 y /H+l
140 3.747E+01 -6.02 y /Total C03-2
270 6.460E+00 -3.47 y /F-l
180 2.882E+01 -3.09 y /Cl-1
732 7.400E+00 -4.11 y /S04-2
150 5.540E+00 -3.86 y /Ca+2
410 6.430E+00 -3.78 y /K+l
440 3.280E-01 -4.33 y /Li+1
460 5.310E-01 -4.66 y /Mg+2
500 4.550E+01 -2.70 y /Na+1
770 1.360E+02 -2.85 y /H4Si04
800 6.OOOE-03 -7.16 y /Sr+2
950 2.300E-02 -6.45 y /Zn+2
3 1
330 7.5400 0.0000 /H+l
981024.Peeper Box A (8 cm below streambed surface)
10.30 MG/L 0.000 0.OOOOOE-01
1 0  1 0 0 0 0 0 1 0 0 0 0
0 0 0
330 0.OOOE-01 -7.33 y /H+l
140 2.848E+01 -20.00 y /Total C03-2
270 5.870E+00 -3.51 y /F-l
180 3.558E+01 -3.00 y /Cl-1
732 7 .230E+00 -4.12 y /S04-2
150 5.800E+00 -3.84 y /Ca+2
410 6.310E+00 -3.79 y /K+l
440 3.150E-01 -4.34 y /Li+1
460 5.450E-01 -4.65 y /Mg+2
500 4 .597E+01 -2.70 y /Na+1
770 1.350E+02 -2.85 y /H4S104
800 6.OOOE-03 -7.16 y /Sr+2
950 7.900E-02 -5.92 y /Zn+2
3 1
330 7.3300 0.0000 /H+l
2 6 6
Section F. 3b
981024.Peeper Box B (2 cm below streambed surface) 
14.90 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 1 0 0 0 0
0 0
330 O.OOOE-01 -7.54 y /H+l140 7.344E+01 -19.59 y /Total C03-2 alkali270 6.910E+00 -3.44 y /F-l180 3.310E+01 -3.03 y /Cl-1732 8.400E+00 -4 . 06 y /S04-2150 8.040E+00 -3.70 y /Ca+2410 8.450E+00 -3.67 y /K+l440 4.200E-01 -4.22 y /Li+1460 4.840E-01 -4.70 y /Mg+2500 8.605E+01 -2.43 y /Na+1770 2.330E+02 -2 . 62 y /H4Si04800 8.OOOE-03 -7 . 04 y /Sr+2950 2.700E-02 -6.38 y /Zn+2
1
330 7.5400 0.0000 /H+l
981024.Peeper Box B (4 cm below streambed surface)
14.00 MG/L 
1 0  1 0  0 0 
0
0.000 




330 0.OOOE-01 -7.45 y /H+l
140 7.944E+01 -19.56 y /Total C03
270 1.041E+01 -3.26 y /F-l
180 5.123E+01 -2.84 y /Cl-1
491 1.700E-01 -5.43 y /N02-1
732 1.199E+01 -3.90 y /S04-2
150 8.600E+00 -3.67 y /Ca+2
410 9.530E+00 -3.61 y /K+l
440 4.600E-01 -4 .18 y /Li+1
460 2.370E-01 -5.01 y /Mg+2
500 9.975E+01 -2.36 y /Na+1
770 2.700E+02 -2.55 y /H4Si04
800 9.OOOE-03 -6.99 y /Sr+2
950 2.900E-02 -6.35 y /Zn+2
1
330 7.4500 0.0000 /H+l
267
Section F.3b
981024.Peeper Box B (6 cm below streambed surface
13.70 MG/L 0.000 O.OOOOOE-01
1 0 0 0 0 0 1 0 0 0 0
0 0
330 0.OOOE-01 -7.55 y /H+l
140 7.794E+01 -19.57 y /Total C03
270 8.620E+00 -3.34 y /F-l
180 4.376E+01 -2.91 y /Cl-1
491 1.500E-01 -5.49 y /N02-1
732 9.900E+00 -3.99 y /S04-2
100 3.300E-02 -6.62 y /Ba+2
150 8.870E+00 -3.66 y /Ca+2
410 8.850E+00 -3.65 y /K+l
440 4.650E-01 -4.17 y /Li+1
460 2.650E-01 -4.96 y /Mg+2
500 1.042E+02 -2.34 y /Na+1
770 2.760E+02 -2.54 y /H4Si04
800 9.OOOE-03 -6.99 y /Sr+2
950 1.800E-02 -6.56 y /Zn+2
1
330 7.5500 0-0000 /H+l
)24.1Peeper Box B (8 cm below streambed surface)
)0 MG/L 0.000 0.OOOOOE-01
1 0 0 0 0 0 1 0 0 0 0
0 0
330 0.OOOE-01 -7.64 y /H+l
140 8.693E+01 -5.55 y /Total C03
270 8.660E+00 -3.34 y /F-l
180 4.132E+01 -2.93 y /Cl-1
491 1.400E-01 -5.52 y /N02-1
732 9.930E+00 -3.99 y /S04-2
100 3.400E-02 —6.61 y /Ba+2
150 9.160E+00 -3.64 y /Ca+2
410 8.990E+00 -3.64 y /K+l
440 4.600E-01 -4.18 y /Li+1
460 2.440E-01 -5.00 y /Mg+2
500 1.094E+02 -2.32 y /Na+1
770 2.760E+02 -2.54 y /H4S104
800 9.OOOE-03 -6.99 y /Sr+2
950 4.100E-02 -6.20 y /Zn+2
1
330 7.6400 0.0000 /H+l
